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THE  THYROTROPHIC  ACTIVITY  OF  THE  PITUITARY 
OF  THE  WHITE  LEGHORN  COCKEREL  AS 
RELATED  TO  ITS  CYTOLOGY* 

DAVID  M.  MORRIS* 

From  the  Zoology  Department,  Indiana  University,  Bloomington,  Indiana.^ 
INTRODUCTION 

IT  WAS  recognized  as  early  as  1898  by  Comte  that  a  relationship  exists 
between  the  cytological  picture  of  the  pituitary  and  the  physiological 
state  of  the  animal.  Numerous  attempts  have  been  made  to  correlate  the 
function  of  the  anterior  hypophysis  with  its  cytology,  but  it  cannot  yet 
be  said  with  certainty  that  a  particular  pituitary  cell  type  is  responsible 
for  the  elaboration  of  a  certain  hormone.  Perhaps  the  closest  approach  to 
unanimity  of  opinion  in  this  matter  is  in  regard  to  the  origin  of  the  follicle 
stimulating  hormone  from  basophiles.  This  is  supported  by  the  cytological 
work  of  Severinghaus  wdth  the  rat  (1937),  Payne  with  the  chick  (1947), 
and  others,  and  by  such  experimental  w^ork  as  that  of  Schooley  and  Riddle 
on  the  pigeon  (1938)  and  Breneman  on  the  chick  (1941). 

The  origin  of  the  luteinizing  hormone  from  the  acidophiles  is  a  little 
less  certain,  wUile  considerable  confusion  exists  regarding  the  cytological 
source  of  the  thyrotrophic  hormone.  On  the  basis  of  cytological  studies 
of  the  rat  hypophysis,  Severinghaus  (1937,  1939)  concluded  that  the 
acidophiles  secrete  the  thyrotrophic  hormone  while  Zwecker  et  al.  (1935) 
described  the  vacuolation  of  what  they  believed  to  be  basophiles,  after 
thyroidectomy  and  suggested  that  these  “thyroidectomy  cells”  secrete 
the  thyrotrophic  hormone.  Payne  (1944)  also  described  “thyroidectomy 
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cells”  in  the  pituitary  of  the  chick  after  removal  of  the  thyroid  and  agreed 
that  they  might  be  the  source  of  the  thyroid  stimulating  principle  but  did 
not  confirm  Zwecker’s  theory  as  to  their  origin.  Payne  believes  the  thy¬ 
roidectomy  cells  originate  “for  the  most  part,  if  not  in  all  cases,  from 
chromophobes.” 

A  very  detailed  study  by  Payne  (1942)  of  the  cytological  changes  of  the 
pituitary  of  the  White  Leghorn  fowl  subjected  to  various  treatments, 
suggested  an  approach  to  the  problem  of  cell  source  of  thyrotrophin.  Thus, 
for  example,  Payne  found  that  pituitaries  of  birds  which  had  been  kept 
on  a  quantitatively  restricted  diet  were  largely  acidophilic  in  nature  while 
those  of  castrate  birds  were  predominantly  basophilic.  Other  treatments 
yielded  pituitaries  variously  acidophilic  or  basophilic  in  character.  In  the 
present  study  some  of  the  treatments  used  by  Payne  were  duplicated  as 
nearly  as  possible  to  obtain  birds  with  pituitaries  of  known  cytology. 
The  thyroids  of  the  treated  animals  were  studied  and  the  pituitaries  as¬ 
sayed  for  thyrotrophic  activity  in  an  attempt  to  correlate  activity  with 
pituitary  cytology. 


MATERIALS  AND  METHODS 

Treatments  included  limited  diet,  castration,  estrogen  injection,  estrogen  injection 
with  limited  diet,  androgen  injection,  and  thiouracil  feeding.  The  thyrotrophic  activity 
of  the  pituitaries  was  determined  by  analysis  of  weights  and  follicular  cell  heights  of  the 
thyroids  of  treated  animals  and  of  assay  chicks. 

For  histological  purposes  paraffin  serial  sections  of  thyroids  fixed  in  10  per  cent  for¬ 
malin  were  made  at  5  microns  and  stained  with  Heller’s  modification  of  Delafield’s 
Hematoxylin  and  with  Eosin.  Measurements  of  follicular  cells  were  made  under  oil 
immersion  with  an  ocular  micrometer.®  Usually  five,  but  occasionally  four,  thyroids  of 
each  series  were  “read”  by  measuring  the  height  of  fifty  follicular  cells  in  each  gland.  An 
effort  was  made  to  obtain  a  representative  sample  by  measuring  only  one  or  two  cells 
per  field,  starting  at  one  edge  of  a  section,  crossing  that  section  once,  and  moving  to 
the  next  section. 

The  pituitaries  of  a  given  series  were  weighed  en  masse  and  dried  in  acetone.  At  the 
time  of  assay  they  were  removed  from  the  acetone  and  dried  under  a  desk  lamp.  Their 
dry  weights  were  determined,  and  then  they  were  ground  in  a  mortar  and  taken  up  in  a 
measured  amount  of  distilled  water.  Two-tenths  milliliters  of  the  suspension  was  in¬ 
jected  into  day-old  chicks  on  the  first  evening  of  their  arrival  and  similar  injections 
were  made  in  the  morning  and  evening  of  the  second  and  third  <lays.  Do.ses  were  calcu¬ 
lated  so  that  each  chick  received  5  milligrams,  equivalent  wet  weight,  of  pituitary  tissue 
over  the  entire  period.  A  series  of  control  chicks,  receiving  a  similar  course  of  injections 
of  distilled  water,  was  run  with  each  assay.  The  animals  were  sacrificed  about  12  hours 
after  the  last  injection,  and  their  thyroids  were  weighed  and  fixed  in  10%  formalin  for 
histological  study.  Chicks  were  kept  in  their  shipping  boxes  without  feed  during  the 
assay  procedure. 

®  Follicular  cell  height  measurements  are  recorded  in  units.  With  the  combination 
of  lenses  used,  1  unit  was  equivalent  to  approximately  1.4  microns. 


March,  1952 


THYROTROPHIC  ACTIVITY  OF  PITUITARY 


279 


Limited  diet  was  determined  as  an  amount  of  chicken  mash  equivalent  to  half  that 
consumed  by  the  control  animals  the  preceding  day.  The  controls  had  food  before  them 
at  all  times  and  experimental  animals  were  fed  the  daily  ration  each  morning  all  at 
once.  This  method  of  treatment  was  somewhat  different  from  that  used  by  Payne  whose 
cytological  studies  of  pituitaries  are  used  in  the  analysis  of  the  data  presented  here. 
Payne  removed  the  food  from  his  experimental  birds  on  alternate  days.  The  present 
method  permitted  better  control  of  the  diet,  and  it  is  felt  that  the  j)h5’siological  effects 
are  comparable  to  tho.se  obtained  in  Payne’s  work. 

A  0.1%  thiouracil  feed  was  prepared  by  mixing  an  approi)riate  amount  of  thiouracil 
powder"*  with  regular  chicken  mash.  This  was  fed  ad  libitum. 

RESULTS  AND  DISCUSSION 

Limited  diet 

Several  series  of  birds  of  various  ages  were  .subjected  to  various  periods 
of  limited  diet  as  shown  in  table  1.  The  thyrotrophic  activity  of  the 
pituitary  as  judged  by  relative  tliyroid  weights  was  not  altered  appreci¬ 
ably  by  this  treatment  in  the  younger  birds  but  in  the  older  birds  the 
effect  of  the  restricted  diet  over  comparable  periods  of  time  was  reflected 
in  a  decrea.sed  thyroid  weight.  The  relative  pituitary  weight  was  not 
significantly  altered  by  the  experimental  diet  although  the  absolute  values 
were  lower  in  all  the  experimental  series  tested.  Payne  (1942)  had  also 
observed  that  pituitaries  of  15-  to  30-day-old  birds  kept  on  a  limited  diet 
were  smaller  than  those  of  control  birds  of  the  .same  age.  This  suggests  a 
decrea.se  in  total  activity  of  the  pituitary  of  the  limited-diet  birds.  The 
thyrotrophic  potency  of  such  pituitaries  as  assayed  with  the  day-old 
chick  was  indeed  significantly  less  in  the  older  series  but  not  in  the  younger 
series. 

According  to  Payne  the  pituitary  of  limited  diet  birds  from  15  to  31 
days  of  age  show’s  fewer  and  less  active  ba.sophiles  while  the  number  of 
acidophiles  remains  unchanged  or  is  perhaps  slightly  increased.  It  is 
probably  justifiable  to  project  this  pituitary  picture  into  the  present 
older  series,  at  least  with  regard  to  the  basophiles,  since  gonad  weights 
are  lower  in  older  limited-diet  birds  as  w’ell  as  in  the  younger  ones  observed 
by  Payne  and  Breneman  (Morris,  1951).  Correlating  this  cytological 
picture  w’ith  the  potency  data  one  is  tempted  to  ascribe  thyrotrophic 
activity  to  the  basophiles,  although  data  on  the  nature  and  number  of  the 
acidophiles  in  the  older  limited-diet  birds  is  not  known.  This  hypothesis 
was  tested  by  studying  the  activity  of  .strongly  ba.sophilic  pituitaries. 

Castration 

Payne  (1942)  reported  definite  changes  in  pituitaries  of  chicks  castrated 
at  v’arying  times  prior  to  7  days  of  age.  The.se  changes  are  principally  an 

*  Thiouracil  powder  was  supplied  through  the  courtesy  of  the  Lederle  laboratories. 
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Table  1.  Effect  of  limited  diet  on  thyroids  and  piti  itaries 


Treatment 

No. 

Body 

gms. 

Thyroid 

Pituitary 

wt.* 

Pituitary'  assay’ 

Wt.*  Cell  ht. 

No. 

Thyroid 

wt.‘(mg.) 

Treatment  begun  at  4  days  of  age 

LD  4  days 

15 

47 

7.37 

0.94 

1.68 

6 

5.50 

ND 

10 

55 

7.45 

1.03 

1.95 

5 

5.06 

LD  11  days 

12 

65 

8.80 

1.70 

3 

3.87 

XD 

12 

82 

7.60 

1.80 

5 

4.14 

LD  25  days 

21 

108 

6.67 

2.00 

1.74 

13 

4.60 

XD 

20 

218 

6.29 

1.65 

1.49 

9 

4.25 

Treatment  begun  at  10 

days  of  age 

LD  2-12  hrs§ 

26 

48 

6.77 

XD 

30 

58 

6.31 

LD  1  day 

3 

59 

5.59 

XD 

3 

60 

4.34 

LD  2  days 

3 

53 

7.78 

XD 

3 

63 

6.83 

LD  3  days 

3 

63 

5.87 

XD 

3 

79 

6.33 

LD  4  days 

3 

67 

4.03 

XD 

3 

79 

4.69 

LD  5  days 

3 

57 

5.97 

XD 

3 

82 

6.10 

LD  6  days 

3 

61 

5.90 

XD 

3 

84 

5.45 

LD  7  days 

5 

62 

5.33 

XD 

9 

87 

4.72 

LD  10  days 

8 

65 

5.70 

1.69 

1.38 

XD 

9 

101 

7.92 

2.33 

1 .68 

Treatment  begun  at  58 

days  of  age 

LD  7  days 

18 

596 

7.60 

1.20 

9 

5.02 

XD 

18 

678 

8.10 

1.12 

5 

4.92 

LD  1  ±  days 

17 

652 

6.50t 

1.09 

8 

5.32 

ND 

17 

840 

8.50 

1.03 

8 

5.44 

LD  28  days 

15 

786 

7.30 

1.36 

8 

4.02t 

XD 

19 

1082 

7.70 

1.73 

10 

5.79 

LD  42  day's 

18 

871 

7.40t 

0.74 

9 

4.15t 

XD 

18 

1300 

8.70 

0.65 

6 

5.70 

Assay'  control,  water  injected 

18 

4.40 

*  Weights  recorded  as  mgs.  per  100  gms.  body  weight. 

t,t  Difference  from  respective  control  significant  at  the  5%  and  1%  levels  respectively. 

§  Figures  represent  mean  values  from  birds  autopsied  at  two-hour  intervals  for  the  first 
twelve  hours. 

LD=Limited  diet;  XD=Normal  diet. 


increase  both  in  size  and  number  of  the  basophiles  and  an  increase  in  the 
size  of  the  nucleoli  of  the  basophiles.  He  also  reported  a  degranulation  and 
regression  in  number  of  the  acidophiles  attendant  upon  castration. 
Despite  this  radically  altered  pituitary  present  in  the  castrated  bird, 
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Table  2.  Effect  of  various  treatments  ox  thyroids  and  pituitaries 


Treatment,  age  at 
autop.sy 

No. 

Body 

gms. 

Thyroids 

Pituitarv 

wt.* 

Pituitary 
assay 
(thvroid 
cell  ht.) 

Wt.* 

Cell  ht. 

Capon  43  dava  old 

1 1 

440 

5 . 65 

2.15 

1  .30 

1 .34 

Control  43  days  old 

14 

433 

5.11 

2.30 

1.02 

1 .60 

Capon  57  days  old 

0 

650 

5.84 

2.78t 

1 .36 

1 .42 

Control  57  daj's  old 

14 

707 

5.43 

3.28 

0.01 

1 .34 

Capon  80  days  old 

10 

1133 

6.10 

— 

— 

3.48§ 

Control  80  daj-s  old 

6 

1203 

6.65 

— 

— 

3.52§ 

Estrone  20  days  old 

18 

112 

10.20 

3.02t 

1 .07 

1.40 

(^ontrol  20  days  old 

10 

108 

5.80 

2.47 

1 .82 

1.13 

Estr.,  LD  20  days  old 

16 

02 

7.70 

2.26 

2.44 

1 .41 

LD  20  days  old 

5 

86 

7.80 

2.54 

2.01 

1.18 

Androgen  31  davs  old 

10 

250 

5.50 

2.82 

1.64 

1 .00 

t'ontrol  31  days  old 

10 

241 

7.30 

3.26 

1 . 60 

2.57 

Androgen  46  days  old 

13 

476 

3.74 

2.38 

0.03 

2.24 

('ontrol  46  days  old 

8 

421 

4.03 

2.10 

0.08 

1 .20 

Thiouraeil  25  days  old 

18 

140 

48.20t 

4.63{ 

2.30 

1 .10 

Control  25  days  old 

11 

173 

5.70 

2.. 53 

1 .66 

2.43 

*  Thyroid  and  pituitary  weights  are  exjiressed  as  mgs.  per  100  gms.  liody  weight, 
t, t  Difference  from  control  significant  at  the  5%  and  1%  level  respectively. 

§  These  figures  represent  mean  weight  of  thyroid  glands  in  milligrams.  Follicular  cell 
heights  were  not  determined  for  these  thyroids. 

little  or  no  change  was  observed  in  the  thyrotrophic  activity  (Table  2). 
The  weight  changes  in  the  pituitary  agree  with  those  of  Payne,  showing 
an  increase  in  the  castrate  series  as  compared  to  the  controls.  The  relative 
weight  of  the  thyroid  glands  of  the  capons  was  unaltered  from  that  of 
the  controls  even  in  80-day-old  birds,  but  histological  study  of  the  thyroids 
of  57-day-old  castrated  birds  revealed  a  slightly  less  active  gland.  The 
thyrotrophic  potency  of  the  pituitary  as  shown  by  the  assay  studies  was 
unaltered. 

In  view  of  the  very  noticeable  cytological  changes  induced  in  both 
acidophiles  and  basophiles  by  castration,  one  would  expect  a  much  more 
striking -change  in  one  direction  or  the  other  in  the  thyrotrophic  activity 
than  was  observed.  If  one  may  speculate  on  the  negative  results  obtained 
here,  it  would  seem  likely  that  the  basophiles  were  not  responsible  for 
thyrotrophic  activity  since  even  in  their  great  abundance  no  increase  in 
thyroid  activity  or  pituitary  potency  was  recorded  by  the  methods  used. 
However,  the  presence  of  degenerative  acidophiles  may  account  for  the 
slight  decrease  in  activity  noted  in  one  of  the  series  tested.  The  following 
experiments  were  designed  to  clarify  this  problem. 

Theelin  and  Theelin  plus  limited  diet 

Daily  injection  of  0.2  ml.  se.same  oil  containing  500  i.u.  estrone  into 
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normal-diet  birds  from  the  3rd  to  the  19th  day  inclusive  inhibits  the 
development  of  the  basophiles  so  that  the  pituitaries  at  20  days  of  age 
are  characterized  by  the  presence  of  few  basophiles  and  numerous  acido- 
philes  (Payne,  1942).  Severinghaus  (1939)  observed  degranulation  of  the 
basophilic  cells  in  rat  pituitaries  after  estrone  injections  and  stated  that 
estrone  activated  the  secretory  cycle  of  the  basophiles  to  such  an  extent 
as  to  result  in  final  exhaustion.  In  either  case  the  end  result  is  the  presence 
of  agranular  non-functioning  basophiles.  Payne  also  reported  that  the 
number  of  acidophiles  could  be  further  increased  if  during  the  injection 
period  the  birds  were  kept  on  a  limited  diet,  the  effect  of  the  two  treatments 
being  additive. 

The  pituitaries  of  normal-diet  birds  treated  with  estrone  showed  evidence 
of  increased  thyrotrophic  activity;  at  the  end  of  the  treatment  the  thy¬ 
roids  weighed  nearly  twice  as  much  as  those  of  the  untreated  birds.  The 
significantly  heightened  follicular  epithelium  in  the  thyroids  of  the 
treated  birds  also  was  indicative  of  increased  activity  (Table  2).  The 
thyrotrophic  potency  of  the  pituitary  as  determined  by  assay  was  only 
slightly  increased  by  the  estrone  injections. 

When  the  estrone  was  injected  into  birds  kept  on  limited  diet,  however, 
no  such  increased  thyroid  activity  was  recorded;  nor  did  limited  diet 
alone  have  a  significant  effect  on  relative  thyroid  weight.  The  thyroid 
epithelium  was  unaffected  by  the  treatment.  The  pituitary  thyrotrophic 
potency  was,  however,  slightly  increased  by  estrone  injections  in  limited 
diet  birds. 

The  increased  thyroid  activity  and  pituitary  potency  in  estrone  injected 
regular  diet  birds  again  points  to  the  acidophiles  as  the  active  cell  type. 
It  is  difficult  to  explain,  however,  the  absence  of  a  response  in  the  estrone 
injected  limited-diet  series,  unless  it  be  due  to  a  difference  in  receptivity 
of  the  thyroid  gland  in  these  birds.  A  further  study  of  acidophilic  pitui¬ 
taries  was  made  with  birds  injected  with  androgens. 

Androgen  injections 

Payne  (1942)  injected  chicks  daily  with  0.01  mgs.  (0.2  ml.)  Oreton-B 
from  the  3rd  to  the  29th  day  after  hatching,  and  autopsied  on  the  31st 
day.  A  second  group  of  chicks  was  injected  daily  with  0.125  (0.2  ml.) 
Oreton-B  from  the  5th  to  the  9th  and  from  the  11th  to  the  14th  day  after 
hatching  and  was  killed  on  the  20th  day.  He  reported  that  in  each  case 
there  was  a  slight  decrease  in  number  of  basophiles  and  that  the  acidophiles 
were  more  prominent.  The  pituitaries  were  smaller  than  those  in  the 
controls. 

Such  a  treatment  had  no  significant  effect  upon  the  thyroid-pituitary 
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axis  as  revealed  by  the  methods  used  in  llie  jiresent  study.  The  pituitaries 
of  these  l)irds  showed  no  differeuee  in  thyrotrophie  activity  over  'tliose  of 
untreated  birds  (Table  2)  and  the  thyroids  of  the  treated  birds  showed 
no  sif^nificant  response  to  the  treatment  either  as  regards  weight  or 
histology.  This  might  be  simply  due  to  the  lack  of  sensitivity  of  the 
methods  n.sed.  The  data  cannot  be  interpreted  as  conclusive  evidence  that 
no  change  occurred  but  at  least  they  do  suggest  that  if  the  pituitaries 
were  altered  physiologically,  the  change  was  slight  as  compared  with  that 
induced  by  other  treatments  reported  above.  The  effect  of  androgen 
treatment  on  the  cytology  was,  in  fact,  not  as  great  as  was  that  of  estrogen 
injections. 

Thiouracil  diet 

Several  workers  (Zvvecker,  1935;  Severinghaus,  1937;  Bryant,  1930; 
Payne,  1944,  among  others)  have  described  a  distinctive  type  of  cell 
appearing  in  the  anterior  pituitary  of  the  mammal  and  bird  after  thyroid¬ 
ectomy.  There  is  disagreement  among  these  investigators,  however,  as  to 
their  origin  and  physiological  significance.  Severinghaus  (1937)  .supports 
the  idea  that  they  are  modified  basophiles  and  are  indicative  of  a  de¬ 
generate  condition.  Zvvecker  (1935)  suggested  that  they  arise  from  chromo¬ 
phobes  and  are  the  activ'e  thyrotrophin  secretory  cells.  Payne  (1944) 
suggested  that  they  arise  from  chromophobes  and  presented  evidence 
showing  that  they  are  not  synonymous  with  the  castrate  basophiles  as 
some  investigators  have  proposed.  He  ascribed  to  them  a  secretory  role 
and  implied  that  they  may  be  responsible  for  the  elaboration  of  the 
thyrotrophie  hormone.  During  the  course  of  the  present  study  Payne 
found  numerous  thyroidectomy  or  “T”  cells  in  the  pituitaries  of  96-day- 
old  birds  treated  with  0.1%  thiouracil  for  80  days. 

Thyroids  of  25-day-old  birds  were  increased  enormously  in  size  after 
only  15  days  of  0.1%  thiouracil  treatment  from  the  10th  to  the  24th  day 
(Table  2).  This,  along  with  the  pre.sence  of  a  heightened  epithelium  in  the 
thyroids  of  treated  birds  .suggested  a  very  marked  increase  in  thyrotrophie 
activity  of  the  pituitary.  Assay  of  the  pituitaries  from  these  birds,  how¬ 
ever,  showed  no  significant  difference  in  potency.  Ilous.say  et  al.  (1932) 
found  no  change  in  thyrotrophie  potency  of  rat  pituitaries  following 
thyroidectomy.  This  was  confirmed  by  Smelser  (1934)  although  Payne 
described  the  “T”  cells  as  secretory  and  reports  no  indication  of  degenera¬ 
tive  changes.  If  tlie  “T”  cell  is  the  thyrotrophin  producing  cell  one  might 
conclude  from  the.se  data  that  the  increased  rate  of  elaboration  is  matched 
by  an  increased  .secretory  rate  which  prevents  any  appreciable  storage 
in  the  gland. 
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DISCUSSION 

The  above  data  do  not  reveal  a  simple  answer  to  the  problem.  It  is 
difficult  to  separate  such  phases  of  gland  activity  as  elaboration,  storage, 
and  mobilization.  This  must  be  considered  at  both  the  pituitary  and 
thyroid  levels.  However  certain  tentative  conclusions  may  be  drawn  as  a 
basis  for  further  work. 

The  data  as  summarized  in  table  3  do  not  suggest  a  basophile  origin 
for  the  thyrotrophic  hormone  since  the  very  markedly  basophilic  pitui- 
taries  of  the  capons  showed  no  increase  in  potency  over  those  from  control 
birds  and  the  thyroids  from  the  castrated  birds  were  slightly  less  active 
than  those  of  control  birds.  The  response  to  the  more  strongly  acidophilic 
pituitaries  of  estrone  treated  birds  suggests  some  thyrotrophic  activity  on 
the  part  of  these  cells  although  the  less  notably  acidophilic  pituitaries  of 
androgen  treated  birds  showed  no  significant  change  from  the  normal. 
The  reaction  of  limited  diet  birds  requires  further  study  but  it  seems 
likely  that  in  these  animals  the  receptivity  of  the  thyroid  played  some 
part  in  producing  the  negative  results.  The  v^ery  marked  response  of  the 
thyroids  of  thiouracil-treated  birds  points  to  the  “T”  cells  as  being 
possibly  involved  in  thyrotrophic  activity.  These  facts  suggest  a  relation- 


TaBI.K  3.  SCMMAOY  OF  CYTOLORY  AND  THYROTROPHIC  ACTIVITY  OF  PITUITARY 


Treatment 

Predominant  pituitary 
cell  tj  pe 

Thyroid 

activity 

Pituitary 

potency 

Castration 

basophile 

-o 

O 

Estrone 

acidophile 

+ 

+ 

JOstrone  plus  limited  diet 

acidophile 

O 

+ 

Limited  diet 

acidophile 

-O 

-o 

,\ndrogen 

acidophile 

o 

o 

Tliiouracil 

“T”  cells 

+  + 

o 

—  Activity  or  potency  less  than  in  untreated  controls. 

O  .\ctivity  or  potency  the  same  as  in  untreated  controls. 
+  .\ctivity  or  potency  greater  than  in  untreated  controls. 


ship  between  acidophiles  and  “T”  cells.  It  may  be  that  with  a  moderate 
stimulus  to  the  pituitary  there  is  an  increase  in  number  of  acidophiles. 
As  the  demand  for  thyrotrophic  hormone  increases  a  more  “active” 
acidophile  is  seen  in  which  storage  of  the  hormone  can  be  detected  by 
assay.  In  extreme  situations  such  as  presented  by  thyroidectomy  or 
thiouracil  treatment,  the  secretory  rate,  as  well  as  the  rate  of  elaboration 
is  increased  so  that,  with  little  storage  of  the  hormone,  assay  show's  no 
increase  in  potency.  This  may  be  the  type  of  cell  described  as  thyroid¬ 
ectomy  cells  by  various  cytologists. 
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SUMMAKY 

An  attempt  was  made  to  correlate  thyrotrophic  activity  of  the  pituitary 
of  the  White  Leghorn  cockerel  with  its  cytology  by  a  histological  study  of 
the  thyroids  and  a  thyrotrophic  assay  of  pituitaries  of  variously  treated 
chicks.  Treatments  were  designed  to  produce  pituitaries  of  a  predominant 
cell  type  and  included  limited  diet,  castration,  estrogen  injection,  estrogen 
injection  with  limited  diet,  androgen  injection,  and  thiouracil  feeding. 
The  data  are  not  conclusive  but  suggest  that  the  basophiles  are  not 
involved  in  the  elaboration  of  the  thyrotrophic  hormone.  The  acidophiles 
are  considered  as  a  likely  source  and  it  is  suggested  that  the  “thyroidec¬ 
tomy”  cells  should  receive  serious  consideration  as  a  possible  modified 
acidophile. 
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INTKODUCTION 

DORFMAN,  Potts  and  Fish  (1947)  have  used  the  adrenalectomized 
rats’  excretion  of  administered  radiosodiiim  for  the  detection  of 
small  amounts  of  desoxycorticosterone  and  have  found  the  radiosodium 
excretion  useful  in  characterizing  the  activity  of  various  steroid  compounds 
(Dorfman,  1949).  Since  Na  24  has  a  relatively  short  half-life  (14.8  hours) 
and  Na  22  is  not  easily  obtained,  it  occurred  to  us  that  the  measurement 
of  urinary  sodium  and  potassium  by  flame  photometry  (Overman  and 
Davis,  1947;  Shapiro  and  Hoagland,  1948)  might  offer  certain  advantages. 

METHODS 

The  technique  of  Dorfman  et  al.  (1947)  involves  the  collection  of  urine  from  radio¬ 
sodium  injected,  adrenalectomized  rats  for  six  hours  following  the  injection  of  0.25  cc. 
of  an  oil  solution  of  desoxj-corticosterone  acetate.  A  careful  study  was  made  of  the 
variables  involved  in  such  a  procedure  when  measurement  of  total  urinary  Xa  (and  K) 
is  measured  instead  of  radiosodium.  It  was  found  that  a  urine-collection  period  of  4 
hours  following  DOCA  administration  was  somewhat  more  accurate  provided  that  cer¬ 
tain  precautions  are  ob.served.  The  final  method  evolved  was  as  follows: 

(1)  Male  rats  weighing  150  to  175  grams  at  oi)eration  were  used  for  adrenalectomy. 

(2)  When  not  in  use  for  assay  these  animals  were  maintained  with  0.9%  XaC'l 
solution  as  drinking  water,  but  24  hours  })revious  to  the  initiation  of  urine  collection 
tap  water  was  substitute<l  for  the  saline  solution.  At  three  hours  previous  to  the  test  ac¬ 
cess  to  food  and  water  was  denied. 

(3)  Before  being  placed  in  the  urine-collecting  cages  complete  blachler  emptying  was 
assured  by  holding  the  head  of  each  animal  in  a  beaker  containing  ether-soaked  cotton 
until  the  hind  legs  showed  relaxation  (cf.  Addis  et  al.,  1949).  This  method  was  found 
preferable  to  the  delivery  of  a  brief  electric  shock  (a  few  milliamperes  and  100  to  400 
volts)  which  caused  complete  voiding  in  most  (about  80%)  but  not  all  shocked  animals. 

(4)  Immediately  following  the  etherization-induced  voiding  each  animal  received 
an  intraperitoneal  injection  of  5  cc.  of  a  0.9%  NaCl  solution  and  a  subcutaneous  injec¬ 
tion  of  an  olive-oil  solution  of  the  test  steroid.  The  intraperitoneal  saline  injection  dose 
was  arrived  at  as  optimal  after  tests  of  varying  NaCl  loads. 

(5)  The  animals  were  then  placed  in  i)airs  into  urine  collecting  cages  which  were 
glass  one-gallon  jars  (with  an  outside  diameter  of  Oi  inches)  having  the  bottoms  re- 
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moved;  a  one-half  inch  wire  mesh  platform  inserted  above  the  neek  of  the  inverted  bottle 
held  the  paired  rats,  and  a  cone  of  fine  mesh  copper  wire  inserted  below  the  platform  served 
to  catch  the  feces.  For  measurement  of  urine  volumes  a  15  cc.  centrifuge  tube  was 
placed  under  a  glass  funnel  which  circumscribed  the  opening  of  the  inverted  gallon  jar. 

(6)  Completeness  of  collection  of  all  excreted  urine  was  assured  by  removing  any 
feces  present,  and  washing  the  collection  bottle  and  funnel  with  210  cc.  of  distilled  water. 
These  washings  combined  with  the  collected  mine  did  not  over-dilute  the  contained 
electrolytes. 

Urinary  sodium  and  potassium  determinations  were  made  with  the  Perkin-Flmer 
flame  photometer  (model  52.\). 
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Potassium 

Dosage 

in 

pairs 
'  of  rats 

1 

CC.  / 

4  hrs. 

S.I). 

S.K. 

( 

% 

I)<- 

rease 

Mp.' 

4  hrs. 

S.I). 

4.K. 

% 

IV- 

creaM' 

Mk. 

4  hrs. 

S.I). 

S.K. 

% 

In¬ 

crease 

Oil  in¬ 
ject  «*d 

1!) 

3..V> 

.<177 

.21!) 

0.12 

.2!ll 

.(K17 

4.48 

.210 

.047 

2.4 

7 

3.41 

.4r>o 

.174 

0. 1 

.•>.88 

.4.'>4 

.171 

9.2 

.249 

.092 

11.9 

fl.O 

12 

2.77 

1.120 

.321 

20.. 

4.24 

.2r>2 

.079 

29.7 

.190 

.0;-)7 

25.0 

12.0 

0 

2.28 

.088 

.281 

33.1 

2.88 

.171 

.070 

.V..4 

0.08 

.380 

.l.<)8 

30.. 5 

:«).o 

11 

2.10 

.777 

.234 

41 . 1 

2.44 

.182 

.O.V. 

■>9.8 

0.40 

.302 

.109 

43.2 

tM).0 

II 

1 .74 

.(>1« 

.  180 

49.9 

1  .40 

.  ll.'> 

.03.‘. 

77.. 'i 

0.20 

.402 

.128 

38.2 

I2U.0 

5 

1.44 

.224 

.  I(K) 

.-)0.7 

1  .00 

.I8.‘) 

.083 

7.1.7 

0.08 

.220 

.098 

51.9 

S.I).  =  ± 

S.K 

XrfV 

n(n  -I) 

RESULTS 

Desox ycorticosterone  acetate  assay 

Ill  Table  1  we  present  the  urine  volume,  sodium  and  potassium  excre¬ 
tions  observed  in  control  and  DOCA-injected  animals.  Using  a  logaritlimic 
scale  tlie  dosage-response  curves  for  the  electrolytes  are  plotted  in  Figure  1 
and  that  for  urine  volume  changes  in  Figure  2.  Witli  the  numbers  of  rat 
pairs  employed  significant  output  changes  over  the  controls  occur  at  the 
6  mK-  <io.se  and  above  in  both  Na  and  K  excretions  and  at  the  12  ;ug.  dose 
and  aliove  in  the  antidiuretic  effect.  Tlie  steepne.ss  of  the  Na  do.sage- 
response  curve  and  its  relatively  low  variability  (compare  the  standard 
deviations  in  Table  1)  indicates  that  this  single  measurement  is  the  most 
accurate  for  assay  purpo.ses.  We  have  analyzed  possible  combinations  of 
these  data  for  the  construction  of  a  multivariate  assay  curve,  but  no 
notable  increase  in  accuracy  is  obtained. 

The  data  of  Table  1  were  assembled  from  five  separate  experiments  in 
which  the  number  of  rat  pairs  employed  varied  from  7  to  13.  Analysis  of 
the  slope  constant  (b)  of  each  of  the.se  taken  individually  discloses  v'alues 
of  b  ranging  from  .031)  to  0.774  for  the  K  excretion  and  —0.390  to  —1.047 
for  Na  excretion.  The  index  of  accuracy  (X,  or  s  b)  varies  from  .439  to 
7.504  for  K  excretion  and  from  —.108  to  —.583  for  Na  excretion.  The 
greater  accuracy  of  the  Na  excretion  data  are  emphasized.  When  the 
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Fig.  1.  Dosage  Response  Curve  for  4-Hour  Assay. 

data  for  all  the  52  rat  pairs  are  similarly  analyzed  b  and  X  for  K  excretion 
are  0.200  and  1.575  and  for  Na  —.703  and  —.861.  With  an  adequate 
number  of  rat  pairs,  an  accuracy  comparable  to  that  of  most  .standard 
bioassays  is  obviously  obtainable  on  the  basis  of  Na  retention. 

The  decline  in  urine  output  is  positively  correlated  with  the  Na  output 
decline  as  indicated  by  the  data  of  Figure  8.  It  is  nonethele.ss  notable 
that  over  the  dosage  range  employed  the  percentage  of  Na  excretion- 
reduction  is  in  every  in.stance  greater  than  the  percentage  change  in 
urine  volume,  and  the  rate  of  change  in  Na  output  with  increasing  dosage 
is  greater  (i.e.  the  slope  of  the  regression  line  of  Figure  8  is  less  than  1 
and  the  intercept  is  not  at  0). 

Assay  of  adrenal  extract  and  pure  steroids 

In  Table  2  we  present  the  as.say  data  collected  for  1 1-dehydrocorti- 
co.sterone,  corticosterone,  1  l-dehydrol7-hydroxycortico.sterone,  17-hy- 
droxycorticosterone,  A^-pregnenolone  and  lipo-adrenal  extract.  These  are 
compared  to  the  mean  data  for  two  do.sages  (6  and  60  mK-)  of  DOCA 
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Fig.  2.  Dosage  Response  C'urve  of  Urine  Excretion  in  4-Hoiir  Assay. 


which  were  employed  simultaneously  with  the  various  sets  of  tests  of  the 
other  substances.  The  dosage : respon.se  data  for  Na  and  K  are  plotted 
in  Figures  4  and  5. 

All  the  .substances  (except  possilily  corticosterone)  caused  Na  retention 
and  reduction  in  urine  volume  at  the  10  microgram  do.se,  but  at  the 
higher  do.ses  employed  differences  between  the  effects  of  various  com¬ 
pounds  are  obvious.  Thus  lipo-adrenal  extract  alone  resembles  DOC  A  in 
inducing  Na  retention  over  the  entire  dosage-range  employed;  it  is  anti¬ 
diuretic  over  a  considerable  range,  but  exerts  a  diuretic  effect  at  the 
highest  do.se  employed  (500  mK-  cortisone  equivalent).  Nonetheless,  the 
slopes  of  the  Na-dosage-response  curves  for  lipo-adrenal  extract  and 
DOC  A  differ  significantly  ( <5%  level  of  confidence).  With  the  exception 
of  pregnenolone,  the  crystalline  steroids  tested  exhibit  .sodium  and  water- 
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Table  2.  Kkkect  of  adrenocortical  scbstaxces  on  Xa,  K  and  i  ri.ne  excretion 


Substance 

injected 

Dosage 
in  /UR. 

No.  of 
pairs 
of  rats 

1 

Na 

niR.  /hr. 

S.K. 

K 

IllR.  III'. 

S.K. 

Urine 
volume 
ce./4  hrs. 

S.K. 

oil 

10 

1  .00 

.085 

1  .28 

.0.50 

4.00 

.207 

DOCA 

() 

18 

1  .00 

.070 

1  .57 

.047 

3.23 

.203 

(•>0 

15 

0.30 

.041 

2.00 

.130 

2.14 

.230 

Dciiyilrd- 

corticostcrone 

10 

.50 

200 

4 

4 

3 

0.03 

2.04 

1  .00 

.400 

.274 

.205 

1  . 10 

1  .74 

1  .82 

.140 

.142 

.017 

2.08 

3.30 

4.27 

.008 

.001 

.035 

.50 

4 

1.70  ; 

.180 

1  .00 

.1.52 

4.. 58 

.023 

(’orlicDsterDiie 

200 

4 

2.34  1 

.143 

2. 52 

.080 

8.20 

.408 

100 

3 

2.30 

.337 

3.10 

.215 

10.85 

1.110 

1 7-M  vdroxv- 

10 

4 

1  . 00  1 

.287 

1  .50 

.080 

3.85 

.741 

(lehvdrocor- 

50 

4 

2.00 

.0.53 

1  .40 

.0.50 

4.00 

.271 

ticosterone 

200 

3 

2.00 

.1.54 

2.20 

.121 

0.33 

.501 

1  T-Hydroxy- 
corticosterone 

10 

4 

1  .48 

.318 

1  .24 

.  107 

3.30 

.077 

.50 

200 

4  ■ 

3 

2.20 

2.00 

.213 

.004 

1  .50 

1  .07 

.170 

.120 

4.48 

4.43 

.000 

1 .028 

I.ip<)-.\drenal 

t^irtex 

10 

100 

500 

4 

4 

3 

1  .23 
0.77 
0.04 

.  1 40 
.123 
.008 

1  .47 

1  .01 
3.30 

.  104 
.100 
.128 

3.00 
2.08 
() .  50 

.407 

.403 

.800 

10 

4 

1.58  ; 

.124 

1  .30 

.072 

3.40 

.710 

PrcKnenolone 

100 

4 

1  .53 

.080 

1  .20 

.070 

2.88 

.020 

.500 

4 

1  .0.5 

.134 

1  .28 

.  132 

3.85 

.800 

diuretic  effects  at  the  higher  dosages  employed,  corticosterone  and 
cortisone  being  the  most  effective  in  this  respect. 

Increased  potassium  excretion  is  effected  by  all  substances  tested  except 
A'-pregnenolone,  but  .some  of  the  dosage-response  curves  obtained  differ 
in  .slope  from  that  of  DOC  A  (lipo-adrenal  extract,  corticosterone).  And 
the  potency  in  K-excretion  effect  of  those  substances  having  a  similar 
do.sage-response  curve  to  DOCA  is  about  one-tenth  that  of  DOCA. 

DISCUSSION 

The  assay  method  as  outlined  appears  to  have  a  sensitivity  suitable  for 
the  detection  of  DOCA  over  a  range  of  6  to  60  /ug.  using  Na  as  the  indi¬ 
cator,  and  over  a  range  of  6  to  80  mK-  using  K  as  the  indicator.  Even  the 
urine  volumes  .seem  to  demonstrate  a  rather  close  relationship  to  DOCA 
do.sages.  As  the  statistical  analysis  suggests,  Na  retention,  under  these 
conditions,  gives  the  most  reliable  and  accurate  assay.  It  should  be 
noted,  however,  that  the  as.say  involves  a  .standard  Na  load.  It  would  be 
of  interest  to  determine  if  a  standard  K  load  would  increase  the  accuracy 
of  the  K  dosage-response  data. 

While  only  lipo-adrenal  cortex  .showed  any  similarity  to  DOCA  bj^ 
consistently  causing  Na  retention,  the  K  and  urine  volume  data  enhance 
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Fig.  3.  %  Decrease  in  Xa  Excretion. 


the  differentiation  between  tlie  two.  Excluding  pregnenolone,  the  four 
corticosteroids  tested  had  excretion  effects  similar  to  one  another,  but 
significantly  different  from  tho.se  of  DOCA  at  the  oO  jug.  and  greater  dose 
levels. 

SrMM.\UY 

Using  the  flame  photometer  for  determination  of  electrolytes  excreted 
in  adrenalectomized  rat  urines,  a  method  has  been  devi.sed  for  the  bioassay 
of  adrenal  cortical  substances  which  is  sensitive  over  a  range  from  fi  to 
()0  /xg.  of  DOCA  equivalents.  Cortisone,  17-011  coiticosterone,  corticos¬ 
terone,  and  1 1-dehydrocorticosterone  differ  (lualitatively  from  DOCA  in 
this  test.  Pregnenolone  has  no  significant  effect  on  the  variables  studied, 
and  lipo-adrenal  extract  has  a  DO(\\-like  effect,  but  is  not  as  marked 
an  antidiuretic  and  sodium  retainer. 
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GONADOTROPHK’  ACTIVITY  OF  ORAXULE  FRAC’- 
TIOXS  OBTAINED  FROM  ANTERIOR  PITUITARY 
CJLANDS  OF  C^ASTRATE  RATS» 


W.  H.  McSHAN  AND  ROLAND  K.  MEYER 

Department  of  Zoology,  Vniversity  of  U'tsronsin,  Madison 

DATA  collected  during  recent  years  show  that  succinoxidase,  cyto¬ 
chrome  oxidase  and  adenosine  triphosphatase  are  associated  with 
the  large  granule  fraction  isolated  hy  differential  centrifugation  of  rat 
liver  homogenates.  Only  a  few  enzymes  are  associated  with  the  small 
granules,  but  these  particles  contain  a  large  part  of  the  pentosenucleic 
acid  of  the  tissue.  The  granules  remain  morphologically  intact  in  sucrose 
solutions  of  the  proper  concentration  and  this  makes  these  solutions 
preferable  to  water,  isotonic  sodium  or  potassium  chloride  solutions  for 
isolation  purposes  (Schneider,  1940;  Hogeboom,  Claude  and  Hotchkiss, 
1946;  Hogeboom,  Schneider  and  Pallade,  1948;  and  Schneider,  Claude 
and  Hogeboom,  1948).  The  work  in  this  field  is  summarized  in  a  review 
by  Schneider  and  Hogeboom  (1951). 

Preliminary  results  have  also  been  reported  on  the  fractionation  of 
sucrose  homogenates  of  rat  pituitary  glands  by  differential  centrifugation, 
the  gonadotrophic  hormone  content  and  the  succinoxidase  activity  of  the.se 
fractions  (McShan  and  Meyer,  1949).  Over  50  per  cent  of  the  gonado¬ 
trophin  was  associated  with  the  large  and  the  small  granule  fractions  and 
approximately  00  per  cent  of  the  succinoxidase  activity  was  as.sociated 
with  the  large  granules.  Further  work  on  this  problem  has  re.sulted  in 
the  development  of  a  method  by  which  the  major  part  of  the  gonado¬ 
trophin  of  rat  pituitary  glands  is  recovered  in  one  granule  fraction  which 
con.slsts  of  small  granules.  This  fractionation  procedure  and  the  results 
of  the  biological  study  of  the  various  fractions  obtained  are  given  in  this 
report. 

MATKKIALS  AND  MKTHODS  ' 

Adult  female  rats  of  the  Holtzman  strain  were  castrated  and  used  as  donors  of  an¬ 
terior  pituitary  glands  for  the  fractionation  experiments.  Adult  female  rats  were  used 
because  they  were  available  in  large  numbers  and  it  is  known  that  the  gonadotro})hin 

Received  for  publication  .\ugust  10,  1951. 
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HOMOGENATK 
(50  niK.  tissue  per  ml.) 

WH 

275  }r. 

10  minutes 

i 

SI 

I 

i 

I  4,400  li. 

I  20  miuut(>s 

i 

S2 

20,400  g. 

1  hour 

1  I 

SG  S3 

0.9%  NaCl 
1 5,000  g. 

10  minutes 

1 

SGH  '  SGR 

Designations  of  fractions; 

WH  Whole  homogenate 
NF  Nuclear  fraction 
LG  Large  granule 
SG  small  granule 
SGF  Small  granule  extract 
SGR  Small  granule  residue 

Di.\gk.\m  1.  Procedure  for  fractionation  of  sucrose  homogenates  of 
anterior  pituitary  glands  from  castrate  rats. 

increases  to  high  levels  in  the  anterior  pituitary  glands  of  the.se  animals  within  a  short 
time  after  castration  (Hellhaum  and  Greep,  1940).  The  minimum  time  of  castration 
before  using  the  animals  as  donors  was  three  weeks,  and  tlie  maximum  time  was  six 
months.  As  was  to  he  ex])ected  the  glands  from  these  animals  contained  a  high  level  of 
gonailotrophic  activity.  Furthermore,  the  glamls  from  lats  can  he  removed  almost 
immediately  after  the  animals  are  killed,  and  homogenized  within  a  .short  time.  This  is 
advantageous  in  that  there  is  little  time  for  tissue  changes  to  occur. 

A  few  homogenates  were  made  with  glands  from  young  adult  female  and  adult  male 


Hi  Huirernatant  fraction,  275  g. 

52  Supernatant  fraction,  4,400  g. 

53  Supernatant  fraction,  20,400  g. 
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ruts,  hut  these  glands  were  unsatisfactorj’  as  thej'  contained  little  gonadotrophin.  The.se 
animals  were  not  available  in  sufficient  numbers  to  justify  their  use  after  castration, 
(ilands  from  normal  young  adult  male  rats  contained  considerable  gonadotroj)hin  but 
these  animals  were  also  not  available  in  sufficient  numbers.  Pituitary  glands  of  cows, 
hogs,  horses  and  sheep  were  homogenized  in  sucrose  and  fractionated  but  satisfactory 
separations  were  not  obtained. 

Groups  of  30  to  lOo  rats  were  used  for  each  run.  The  jjituitary  glands  were  removed  in 
the  cold  room  immediately  after  killing  the  animals,  and  were  ke|)t  in  a  cold  moist  cham¬ 
ber  until  all  glands  were  removed.  The  anterior  lobes  were  separated,  weighed  and  |)laced 
in  a  sharp-jjointed  homogenizing  tube  that  was  kept  in  an  ice  bath  except  during  homog¬ 
enization.  The  anterior  lobes  were  homogenized  immediatelv  in  19  volumes  of  0.88  M 
sucrose  solution.  A  few  homogenates  were  made  using  0.154  M  KC'L.  Similarly  19  volumes 
of  KCl  were  used  in  making  these  homogenates.  The  average  weight  of  the  anterior 
lobes  obtained  from  over  1000  rats  that  had  been  castrated  for  3  weeks  to  0  months  was 
11.14  mg. 

The  pituitary  homogenates  were  separated  into  nuclear,  large  granule,  small  granule, 
and  supernatant  fractions  by  differential  centrifugation  in  the  multispeed  head  of  a 
refrigerate<l  International  centrifuge  which  was  kept  at  approximately  2°  C  during  cen¬ 
trifugation.  The  final  fractionation  procedure  given  in  Diagram  1  is  the  result  of  informa¬ 
tion  obtained  from  .several  different  experiments.  The  method  is  given  in  detail  as  follows: 

1.  The  whole  homogenate  (WH)  was  centrifuged  at  275  g.  for  10  minutes.  The  opaque 
sui)ernatant  extract  (SI)  was  removed  with  a  1  ml.  syringe  fitted  with  a  22  gauge  needle, 
or  with  a  medicine  drop|)er  drawn  out  to  a  fine  point.  In  some  experiments  the  residue 
was  washed  by  suspending  in  0.88  M  sucrose  and  centrifuging  for  10  minutes  at  the  same 
speed.  The  washings  from  the  residue  were  combined  with  SI.  The  residue  (NF)  consisted 
of  nuclei  and  other  insoluble  material. 

2.  The  su])ernatant  (SI)  was  centrifuged  at  4,400  g.  for  20  minutes.  The  resulting 
sucrose  supernatant  (S2)  was  carefully  removed.  The  large  granule  friw-tion  (LG)  w^is 
susi)ended  in  0.88  .M  sucrose  and  recentrifuged.  It  was  found,  however,  that  washing  the 
LG  fraction  removed  little  gonadotrophin,  and  in  the  later  work  it  was  abandoned. 

3.  S2  was  centrifuged  at  20,400  g.  for'l  hour  to  give  the  final  supernatant  fraction 
(S3)  and  the  small  granule  fraction  (SG).  The  SG  fraction  was  extracted  by  mixing 
thoroughlj"  with  0.9  per  cent  NaCl  solution  and  centrifuging  at  15,000  g.  for  10  minutes. 
This  extraction  proce.ss  was  repeated  two  to  there  times  and  the  extracts  were  combined 
to  give  the  SGE  fraction.  In  the  recent  work  the  SG  fraction  was  extracted  eight  times. 
The  extracted  granules  were  designated  as  SGR. 

The  fractions  obtained  by  the  above  procedure  were  stained  for  mitochondria  by 
use  of  fast  green  FCF  a§  reported  by  Harman  (1950). 

The  nitrogen  determinations  were  done  bj'  a  modification  of  the  micromethod  of 
Johnson  (1941). 

The  homogenates  and  fractions  were  assayed  for  gomulotrophic  hormone  activity 
by  use  of  21  day  old  female  rats  of  the  Holtzman  strain.  The  volumes  of  the  fractions 
were  adjusted  with  normal  saline  so  that  each  rat  received  0.5  ml.  of  the  proper  fraction 
on  the  afternoon  of  the  first  day,  and  0.5  ml.  on  the  morning  and  afternoon  of  the  next 
four  days.  Autopsy  was  performed  on  the  the  morning  after  the  last  injection.  The  overies 
were  removed,  dissected  free  of  other  tissues,  and  weighed.  The  presence  of  follicles  and 
corpora  lutea  was  recorded.  The  degree  of  stimulation  of  the  uteri  was  also  noted.  They 
were  enlarged  in  most  cases  but  usually  were  not  distended  with  fluid. 
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Table  1.  Gonadotrophic  activity  of  fractions  isolated  from  anterior 

PITl'ITARY  GLANDS  OF  CASTRATE  FEMALE  RATS 


Fraction 

Sjieed  of 
centrif. 

No.  of 
runs 

No.  of 
rats 

Total  dose* 

Weight  ovaries 

g- 

mg. 

mg. 

W  hole  homogenate 

2 

0 

10 

23.5 

Whole  homogenate 

2 

0 

20 

21(i 

Nuclear  fraction 

400 

1 

3 

10 

21) 

Nuclear  fraction 

400 

2 

() 

20 

28 

Large  granules 

8,000 

2 

(> 

10 

()1 

Large  granules 

8,000 

2 

() 

20 

75 

Small  granules 

20,400 

2 

(> 

10 

40 

Small  granules 

20,400 

2 

10 

20 

19.5 

Supernatant  fraction 

20,400 

2 

h 

10 

51 

Supernatant  fraction 

20,400 

2 

7 

20 

121 

*  The  doses  given  in  this  and  the  following  tables  are  in  terms  of  milligrams  eiiuivalent  of 
fresh  anterior  pituitary  tissue. 


RESULTS  AND  DISCUSSION 

Tlie  results  given  in  Table  1  were  obtained  by  fractionating  ().8S  M 
sucrose  homogenates  of  anterior  pituitary  glands  of  castrate  female  rats. 
The  gonadotrophic  activity  as  reported  previously  (McSIian  and  Aleyer, 
1949),  was  associated  with  the  two  granule  fractions,  one  obtained  at 
8,000  g.  and  the  other  at  20,400  g.  Since  under  these  conditions  of  centrif¬ 
ugation  the  gonadotrophic  activity  associated  witli  the  granules  was  not 
recovered  in  a  single  fraction,  further  experiments  were  done  using  sucrose 
and  potassium  cliloride  homogenates  to  determine  tlie  conditions  for  re¬ 
covering  the  major  part  of  the  gonadotropliin  in  a  single  granule  fraction. 
Homogenates  were  fractionated,  therefore,  by  centrifuging  at  increasing 
speeds  as  shown  in  Table  2.  The  two  kinds  of  homogenates  and  the 

Table  2.  Fractionation  of  sccrose  and  potassic.m  (uiloride  iiomogenate.s  of 

ANTERIOR  PITUITARY  GLAND.S  FROM  CASTRATE  FEMALE  RATS 


Sucrosp  Potiissium  chlo- 


Fraction 

Speed  of 
centrif. 

Xo.  of 
runs 

Total 

dose 

(0.88  M) 

No.  of  Weight 
rats  ovaries 

ride  (0.154  M) 

No.  of  Weight 
rats  ovaries 

Whole  homogenate 

g- 

2 

mg. 

40 

(> 

mg. 

245 

0 

mg. 

230 

Nuclear  fraction 

27.5 

2 

40 

5 

20 

0 

19 

Granules 

2,400 

2 

40 

(i 

29 

0 

183 

Granules 

4,400 

2 

40 

t> 

37 

0 

147 

Granules 

0,900 

2 

40 

(i 

35 

(') 

32 

Granules 

9,900 

2 

40 

0 

43 

0 

21 

Granules 

13,500 

2 

40 

0 

47 

4 

19 

Granules 

20,400 

2 

40 

t) 

129 

4 

17 

Supernatant  fraction 

20,400 

2 

40 

(i 

103 

(> 

1  19 
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fractions  obtained  from  them  were  assayed  at  the  40  mg.  level  in  order  to 
obtain  information  on  all  the  fractions  even  though  some  of  them  might 
be  low  in  gonadotrophic  activity. 

The  results  given  in  Table  2  show  that  little  gonadotrophin  was  associ¬ 
ated  with  the  granule  fractions  separating  from  the  sucro.se  homogenates 
at  speeds  below  0,000  g.  whereas  the  major  part  of  the  activity  was 
recovered  at  speeds  ranging  from  0,000  g.  to  20,400  g.  In  contrast  to  these 
re.sults,  the  major  part  of  the  gonadotrophin  associated  with  the  granules 
of  0.154  M  KCl  homogenates  was  recovered  at  2,400  g.  and  4,400  g. 
whereas  little  activity  was  obtained  with  the  granules  separating  at  .speeds 
ranging  from  (5,000  g.  to  20,400  g.  It  is  clear  that  the  gonadotrophin  of 
sucrose  homogenates  was  as.sociated  with  granules  recovered  at  high 
speeds,  but  in  the  ca.se  of  KCl  homogenates  most  of  the  hormone  a.s.sociated 
with  the  granules  was  recovered  at  relatively  low  speeds  of  centrifugation. 
This  latter  result  is  presumed  to  be  due  to  a  difference  in  specific  gravity 
of  the  suspending  fluids,  and  to  aggregation  or  clumping  of  the  granules 
in  the  presence  of  KCl.  The  granules  from  liver  homogenates  made  with 
NaCl  and  KCl  are  known  to  aggregate  (Hogeboom,  Schneider  and  Pallade, 
1948;  Schneider  and  Hogeboom,  1951).  The  nuclear  fractions  from  the 
two  kinds  of  homogenates  contained  little  activity.  Considerable  gonado¬ 
trophic  activity,  however,  was  found  in  the  supernatant  fractions  obtained 
by  centrifuging  the  .sucrose  and  KCl  homogenates  at  20,400  g.  as  indi¬ 
cated  by  average  ovarian  weights  of  1(58  mg.  and  119  mg.,  respectively 
(Table  2). 

On  the  basis  of  the  re.sults  of  Table  2  it  was  decided  to  isolate  two  granule 
fractions  from  sucrose  and  KCl  homogenates  by  centrifuging  at  4,400  g. 
and  20,400  g.  It  was  presumed  that  the  major  part  of  the  gonadotrophin 
associated  with  the  gramdes  of  KCl  homogenates  would  be  obtained  at 
4,400  g.  whereas  the  hormone  a.ssociated  with  the  granules  of  sucrose 
homogenates  would  be  recovered  by  centrifuging  the  fraction  obtained 


Table  3.  FRArxioxs  from  sicrose  and  fotassii  m  chloride  homogenates  of 

ANTERIOR  PITCITARY  OI.ANDS  FROM  CA.STRATE  FEMALE  RATS 


Speed  of 
centrif. 

0.88  M  sucrose* 

0.154  M 

K('l* 

Fraction 

No.  of 
rats 

Total 

dose 

Weight 

ovaries 

No.  of 
rats 

Total 

dose 

Weight 

ovaries 

WH  (Whole  homogenate) 

K- 

0 

mg. 

20 

mg. 

207 

3 

mg. 

20 

mg. 

184 

(Jranulest 

4,400 

0 

20 

31 

2 

20 

Itil 

S(1  (Small  granules) 

20,400 

0 

20 

Itil 

3 

20 

17 

S3  (Supernatant  fraction) 

20,400 

() 

20 

133 

3 

20 

141 

•  There  were  three  runs  using  sucrose  homogenates  and  one  using  a  K('l  homogenate, 
t  The  fraction  olitained  from  the  Kf’l  iiomogenate  at  4,400  g.  containeii  both  large  ami 
small  granules. 
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Tablk  1.  Fkactioxs  obtainki)  krcjm  si  c  bosk  homockxates  of  antkhiok 

PITflTARY  r.I,ANI)S  FROM  CASTRATE  FEMALE  RATS 


Friietioii 

Sj)ee(l  of 
eeiitrif. 

No. 

runs 

No. 

rats 

Total 

(IoS(> 

ov'arics 

Protein  ' 
lUK-  FT.* 

Protein 

%<'f 

total 

Wt. 

ovaries ' 
ing. 

protein 

inj. 

K- 

ing. 

int!;. 

mg. 

WII 

1 

3 

5 

01 

0.201  (3)t 

100 

5 

15 

10 

170 

3 

9 

20 
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*  FT  inilicati's  frc'sh  tissue. 

t  Indicates  nuinlx-r  of  pr(‘|)aratioiis  used  for  d(‘tenuinatioiis.  Recovery  of  protein  was 

105%. 


;it  4,400  fr.  ;it  the  hifrher  speed  of  20,400  jr.  The  results  {riven  in  Taltle  3 
snl)stantiate  tliis  assumption.  Since  most  of  the  gonadotrophin  associated 
with  the  grannies  of  snero.se  homogenates  was  recovered  in  the  small 
grannie  fraction  obtained  at  20,400  g.,  homogenates  made  with  0.88  M 
.sucro.se  were  used  in  the  remainder  of  the  work  reported  in  this  paper. 

On  the  basis  of  th.e  above  results  several  homogenates  were  fractionated 
by  centrifuging  at  275  g.,  4,400  g.  and  20,400  g.  as  outlined  in  the  procedure 
of  Diagram  1.  The  homogenates  and  the  fractions  obtained  from  them 
were  assayed  by  administration  of  two  do.ses,  namely.  It)  mg.  and  20  mg., 
and  the  data  are  summarized  in  Table  4.  Little  activity  was  found  in  the 
NF  and  LCJ  fractions,  but  a  large  percentage  of  the  gonadotrophic  activity 
was  a.ssociated  with  the  SG  fraction  and  considerable  activity,  as  was  indi¬ 
cated  by  the  results  of  previous  experiments,  was  found  in  the  S3  fraction. 
The  SG  fraction  was  extracted  three  to  four  times  with  0.0  per  cent 
NaCl  .solution  which  remove<l  much  of  the  gonadotrophin  as.sociated  with 
the.se  particles.  When  these  washings  (SGE)  were  assayed  at  the  20  mg. 
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level,  they  produced  ovaries  that  had  an  average  weight  of  107  mg.  as 
compared  to  161  mg.  for  the  SG  fraction  and  33  mg.  for  the  SGR  fraction. 

In  order  to  determine  whether  the  activity  of  the  S3  fraction  was 
associated  with  still  smaller  particles,  one  supernatant  fraction  obtained 
at  20,400  g.  was  centrifuged  at  1.50,000  g.  for  1.5  hours.  A  small  amount  of 
solid  material  was  recovered  hut,  as  shown  by  the  results  (Table  4),  it 
contained  little  gonadotrophic  activity.  Furthermore,  the  activity  of  the 
supernatant  was  not  changed  significantly  by  removal  of  this  .solid  material. 
These  results  show  that  the  major  part  of  the  gonadotrophic  activity  of 
the  .supernatant  fraction  is  not  associated  with  particles  that  are  removed 
at  1.5(),()()0  g.,  and  this  makes  it  appear  that  the  gonadotrophin  of  this 
fraction  is  in  .solution. 

The  homogenates  (Table  4)  contained  nitrogen  equivalent  to  0.201  mg. 
of  protein  per  mg.  of  fresh  ti.ssue.  The  protein  content  of  each  of  the 
fractions  is  given  in  column  7  of  Table  4  and  the  percentage  values  are 
given  in  column  8.  It  is  seen  that  the  8GE  which  has  high  gonadotrophic 
activity  contained  0.01 1  mg.  protein  per  mg.  of  fresh  ti.s.sue,  or  5.4  per  cent 
of  the  total  protein.  The  values  given  in  the  last  column  of  Table  4  were 
obtained  by  dividing  the  ovarian  weights  by  the  protein  content  of  the 
20  mg.  dose  level.  Although  these  values  are  not  directly  proportional 
to  each  other,  they  do  give  some  indication  of  the  comparative  activity 
of  the  various  fractions  in  relation  to  their  protein  content.  On  this 
basis  the  SGE  is  more  than  ten  times  as  activ’e  as  the  fresh  ti.ssue.  The 
results  of  Table  4  .support  the  conclusion  that  a  high  percentage  of  the 
gonadotrophin  of  rat  pituitary  glands  is  associated  with  particles  of  the 
small  granule  fraction,  and  that  a  major  part  of  this  activity  is  removed 
by  extracting  these  particles  with  i.sotonic  .saline  solution.  When  the 
sodium  chloride  is  removed  by  dialysis  a  precipitate  forms  with  a  con¬ 
comitant  loss  in  activity. 

The  homogenates  used  in  the.se  studies  were  prepared  by  grinding  or 
homogenizing  in  a  sharp-pointed  ground  glass  homogenizer.  It  was 
thought  that  at  lea.st  a  part  of  the  gonadotrophic  activity  of  the  S3  frac¬ 
tion  might  have  been  “.solubilized”  during  the  homogenizing  proce.ss. 
For  purpo.ses  of  obtaining  information  concerned  with  this  possibility 
six  homogenates  were  made  by  mashing  the  tis.sue  in  the  homogenizer 
with  a  minimum  of  grinding.  The  results  of  the  assays  of  these  homogenates 
and  their  .supernatant  fractions  obtained  at  20,400  g.  are  given  in  Table  5. 
The  data  obtained  on  assaying  the  S3  fractions  from  several  homogenates 
that  were  made  by  grinding  are  used  for  comparison.  These  results  show 
that  the  S3  fractions  contained  less  gonadotrophic  activity  wdien  the 
homogenates  w’ere  made  by  the  mashing  procedure,  and  suggest  that 
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gonadotrophin  was  “solubilized”  by  grinding.  This  is  shown  by  the  fact 
that  at  the  20  mg.  level  the  average  ovarian  weight  of  59  mg.  was  olRained 
for  the  supernatant  fractions  re.sulting  from  the  mashing  procedure  as 
compared  to  an  average  weight  of  124  mg.  for  the  corre.sponding  fractions 
obtained  from  homogenates  made  by  grinding. 

On  the  basis  of  the  data  given  in  Table  5  for  the  homogenates  made  by 
mashing,  it  is  estimated  that  70  to  75  per  cent  of  the  total  gonadotropliic 


Table  o.  (Ionabotroi’iiic  activity  of  fractions  obtained  by 

IIOMOC.ENIZING  AND  BY  MASHINC. 
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10 
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S3 

20 

124  (13) 

.50  (18) 

*  Figures  in  jiareiitlieses  iiulicate  number  <if  rats  used  for  the  assays  of  tlie  fractions. 


activity  of  the  glands  of  castrate  rats  was  associated  with  the  SO  fraction. 
Thus,  an  average  ovarian  weight  of  145  mg.  was  produced  by  the  small 
granule  (SG)  fraction  as  compared  to  194  mg.  for  the  whole  homogenate 
(WH).  Tlie  other  fractions  contained  relatively  little  activity  as  indicated 
by  small  ovarian  weights  of  59,  35,  and  30  mg.,  respectively,  for  the  S3, 
NF  and  LG  fractions.  The  activity  pre.sent  in  tlie  NF  and  LG  fractions 
is  probably  contamination  due  to  a  lack  of  complete  separation  during 
centrifugation  and,  in  the  case  of  the  residue,  to  small  particles  of  intact 
cells  that  were  not  completely  homogenized.  Furthermore,  as  stated 
above,  the  re.sults  of  Table  5  show  that  part  of  the  hormone  found  in  the 
S3  fraction  was  “.solubilized”  during  homogenization.  It  appears,  there¬ 
fore,  on  the  basis  of  these  results  that  even  more  than  75  per  cent  of  the 
gonadotrophin  of  castrate  rat  pituitary  glands  was  a.s.sociated  with  the 
SG  fraction. 

As  indicated  by  the  staining  method  of  Harman  (1950)  .some  mito¬ 
chondria  were  found  in  the  SG  fraction.  It  is  of  interest  that  the  mito¬ 
chondria  of  this  fraction  appeared  to  be  smaller  than  tho.se  of  the  LG 
fraction.  The  concentration  of  the  mitochondria  in  the  various  fractions 
was  not  quantitatively  estimated,  but  it  is  presumed  that  they  were 
concentrated  in  the  LG  fraction  since  this  fraction  obtained  from  other 
experiments  was  high  in  succinoxida.se  activity.  It  should  be  pointed  out 
in  this  connection  that  60  per  cent  of  the  succinoxidase  of  rat  pituitary 
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glands  was  shown  previously  to  he  associated  with  the  L(i  fraction  (Mc- 
Shan  and  Meyer,  lt)49),  and  that  the  succinoxidase  of  rat  liver  is  also 
associated  with  mitochondria  (Schneider  and  Hogehoom,  1951).  Thus,  the 
mitochondrial  or  large  granule  fraction  has  been  shown  to  contain  a  high 
level  of  succinoxidase  and,  as  indicated  above,  it  was  low  in  gonadotrophic 
activity  whereas  the  S(1  fraction  contained  as  much  as  75  per  cent  of  the 
total  gonadotrophin  and  data  from  other  experiments  show  that  it  con¬ 
tained  little  succinoxidase.  In  the  light  of  these  results  it  appears  that  the 
high  gonadotrophic  activity  of  the  S(1  fraction  is  not  due  to  the  mito¬ 
chondria. 

The  question  arises  as  to  whether  the  gonadotrophin  of  castrate  rat 
anterior  pituitary  glands  is  produced  by  the  small  particles  with  which 
it  is  associated,  or  whether  it  is  produced  elsewhere  in  the  cell  and  is  later 
adsorbed  on  these  particles.  The  present  data  do  not  indicate  which  of 
these  possibilities  represents  best  the  situation  in  the  cell. 

Results  obtained  from  experiments  on  augmentation  show  that  the 
SCIR  and  SCiE  augment  the  action  of  FSII  made  from  sheep  pituitary 
glands  by  tryptic  digestion  (McShan  and  Meyer,  1940),  but  the.se  fractions 
do  not  augment  chorionic  gonadotrophin.  The  results  obtained  with 
FSH  indicate  that  the  SGE  and  SGR  fractions  contain  luteinizing  hor¬ 
mone  activity.  The  failure  to  obtain  augmentation  with  chorionic  gonado¬ 
trophin  may  be  due  to  the  possibility  that  these  pituitary  fractions  contain 
sufficient  luteinizing  hormone  to  augment  them  completely.  The  various 
pituitary  fractions  when  given  alone  produced  ovaries  that  contained 
both  follicles  and  corpora  lutea. 


SUMMARY 

A  method  is  presented  for  the  fractionation  of  .sucrc.se  homogenates  of 
anterior  pituitary  glands  from  castrate  female  rats  into  nuclear  residue, 
large  granule,  small  granule  and  .supernatant  fractions.  As  much  as  70 
to  75  per  cent  of  the  gonadotrophic  hormone  activity  was  recovered  in 
the  small  granule  fraction.  The  amount  found  in  the  supernatant  fraction 
depends  on  whether  the  homogenate  is  made  by  grinding  or  by  ma.shing. 
The  nuclear  residue  and  the  large  granule  fractions  contain  little  activity. 

The  major  part  of  the  gonadotrophin  associated  with  the  .small  granules 
is  .separated  by  extracting  them  with  i.sotonic  saline  .solution.  This  fraction 
contains  both  follicle  .stimulating  and  luteinizing  activities.  The  nature  of 
the  particles  with  which  the  hormone  is  associated  is  not  revealed  by  the 
pre.sent  data.  It  is  postulated,  however,  on  the  basis  of  present  re.sults  that 
the  gonadotrophin  is  not  as.sociated  with  the  mitochondria. 
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THE  IDENTIFICATION  OF  PITUITARY  INTERSTITIAL 
CELL  STIMULATING  HORMONE  IN 
HUMAN  URINE 

JANET  W.  McARTHl  R,  M.D. 

From  the  liurnham  Memorial  Hospital  for  Children  and  the  Vincent  Memorial  Lahoratory 
at  the  Massachusetts  General  Hospital  and  the  Departments  of  Pediatrics  and  Gynecology, 

Harvard  Medical  School 

The  purpose  of  this  communication  is  to  describe  a  method  for  the 
preparation  and  identification  of  pituitary  interstitial  cell  stimulating 
(or  luteinizing)  hormone  in  human  urine. 

Presumptive  evidence  for  the  presence  of  interstitial  cell  stimulating 
hormone  (ICSH)  in  urine  extracts  has  existed  for  many  years.  The  presence 
of  ICSH  is  implied  in  all  extracts  which  give  a  positive  test  for  gonado¬ 
tropins  by  conventional  bio-assay  procedures  depending  upon  uterine  or 
ovarian  enlargement,  since  ICSH  is  necessary  for  the  completion  of 
follicular  growth  and  for  estrogen  secretion.  However,  a  female  test  animal 
cannot  at  present  be  employed  for  a  quantitative  assay  of  either  follicle 
stimulating  hormone  (FSH)  or  ICSH  (1)  in  an  unfractionated  gonado¬ 
tropin  preparation,  such  as  a  urine  concentrate,  because  in  this  sex  the 
two  hormones  appear  to  be  inextricably  related  in  the  expression  of  their 
physiological  effects.  It  was  not  until  the  demonstration  that  in  the  male 
animal  synergism  between  FSH  and  ICSH  does  not  pertain  to  all  .struc¬ 
tures  re.sponding  to  the.se  hormones  that  the  development  of  an  actual 
as.say  for  ICSH  became  theoretically  po.ssible  (Shedlovsky,  Rot  hen. 
Creep,  van  Dyke  and  Chow,  1940;  Creep,  van  Dyke  and  Chow,  1941 
and  1942).  These  workers  showed  that  the  augmented  androgen  .secretion 
resulting  from  ICSH  stimulation  of  te.sticular  interstitial  tissue  produces 
an  increase  in  the  weight  of  the  acce.s.sory  .sexual  organs  of  the  hypophy- 
sectomized  male  rat.  The  ventral  lobe  of  the  pro.state  gland  was  found  to  be 
a  sensitive  and,  more  importantly,  a  specific  indicator  of  ICSH  effect,  its 
weight  not  being  influenced  by  the  simultaneous  administration  of  biologi¬ 
cally  pure  FSH.  In  a  series  of  independent  studies,  investigators  at  the 
University  of  California  obtained  similar  results  (Fraenkel-Conrat,  Li, 
Simp.son  and  Evans,  1941;  Simpson,  Li  and  Evans,  1942a,  b). 
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The  necessity  of  employing  hypophysectomized  rats  for  une(|uivocal 
demonstration  of  tlie  presence  of  ICSH  and  tlie  comparatively  minute 
quantity  of  this  hormone  excreted  l)y  the  human  being  have  combined 
to  impede  the  application  of  these  observations  to  the  detection  of  ICSH 
in  human  urine.  So  severely  has  the  toxicity  of  urinary  concentrates 
limited  the  cjuantity  of  material  which  could  be  injected  into  the  test 
animal  that  only  fragmentary  and  conflicting  results  have  hitherto  been 
obtained. 

In  an  unpublished  experiment,  Tyndale  (cpioted  l)y  Engle,  llKIt)) 
suc(*eeded  in  producing  hypertrophy  of  the  testicular  interstitial  tissue 
and  an  increase  in  the  weight  of  the  genital  tracts  of  hypophysectomized 
rats  injected  with  large  doses  of  concentrates  prepared  from  the  urine  of 
castrate  women;  Creep  and  Jones  (1950)  obtained  similar  results  with  the 
urine  of  post-menopausal  women.  Evans  and  Corbman  (1042)  found  that 
repair  of  the  ovarian  interstitial  tissue  of  hypophysectomized  female 
rats  could  be  effected  by  the  administration  of  concentrates  of  the  urine 
of  males.  Varney,  Kenyon  and  Koch  (1042)  administered  concentrates  of 
the  urine  of  a  patient  with  ovarian  agenesis  to  hypophysectomized  male 
and  female  rats  and  observed  that  the  highest  dosage  produced  a  slight 
stimulation  of  the  interstitial  cells  and  enlargement  of  the  seminal  vesicles 
in  the  males  and  the  development  of  a  few  corpora  lutea  in  the  females. 
Smith,  Engle  and  Tyndale  (1033),  on  the  other  hand,  failed  to  detect  any 
ICSH  in  urine  from  castrate  and  menopausal  women.  Jones  and  Bucher 
(1043)  also  found  the  urine  of  menopausal  women,  normal  men  and  of 
normally  menstruating  women  to  be  devoid  of  ICSH  activity. 

In  our  hands,  urine  extracts  prepared  by  the  conventional  alcohol 
precipitation  or  ultrafiltration  techniques  proved  toxic  to  hypophysecto¬ 
mized  animals  in  doses  too  small  to  bring  about  consistent  physiological 
effects.  The  work  reported  here  is  based  upon  the  use  of  a  chromatograpliic 
method  for  the  preparation  of  non-toxic  concentrates  of  urine. 

METHODS  AND  MATERIALS 

Urine  obtained  from  youn^  women  was  pooled,  refrigerated  and  concentrated  as  soon 
as  possible  after  collection  according  to  the  technicpie  of  Bradbury,  Brown  and  Brown 
(1949).  Although  variations  in  the  rate  of  ICSH  excretion  i)resumal)ly  occur  during  the 
different  phases  of  the  menstrual  cj’cle,  pools  comprising  specimens  of  urine  collected 
during  all  the  intermenstrual  phases  proved  to  contain  sufficient  amounts  of  ICSH  for 
methodological  studies.  The  IC’SH  potency  of  successive  pools  was  found  to  be  more 
closely  correlated  with  the  number  of  hours’  outimt  of  urine  than  with  the  urine  volume. 
A  careful  record  was  therefore  kept  of  the  number  of  hours’  output  represented  b}-  each 
specimen  of  urine  added  to  the  i)ool,  enabling  the  dose  of  urinary  concentrate  administered 
to  a  test  animal  to  be  expressed  in  terms  of  the  number  of  hours’  output  to  which  it  is 
ecpiivalent. 
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Tlie  urine  was  acidified  to  pH  4.5  witli  f^lacial  acetic  acid  and  run  thr<)U}>:li  a  coarse 
filter  to  remove  particulate  matter.  An  acpieons  suspensicni  of  kaolin  (5  cc.  of  a  20% 
susj)ension  to  each, 100  cc.  (»f  the  acidified  urine)  was  then  added  and  after  thorough 
.stirring  was  allowed  to  settle  out.  The  su|)ernatant  fluid  having  been  decanted  and  di.s- 
carded,  the  kaolin  was  resuspended  in  water  hy  means  of  vigorous  shaking.  After  centrif¬ 
ugation,  the  supernatant  fluid  was  again  decanted  and  discarded.  In  this  manner,  the 
kaolin  was  washed  repeatedly  with  water  until  it  was  entirely  free  of  urine.  The  gonado¬ 
tropins  were  twice  eluted  from  the  kaolin  by  adding  volumes  of  1  X  ammonium  hydrox¬ 
ide  equal  to  that  of  the  kaolin  suspension  originally  added  to  the  urine.  The  pH  of  the 
combinerl  eluates  was  initially  lowered  to  8.5  hy  the  afhlition  of  glacial  acetic  acid  and  if 
any  j)recipitate  ai)peared  at  this  point  it  was  discarded.  The  pH  was  then  reduced  to 
5.5  hy  further  a<lditions  of  glacial  acetic  acid,  and  the  gonadotroi)ins  precipitated  from 
the  solution  hy  the  adfiition  of  four  volumes  of  95%  ethanol.  The  precipitate  was  dried 
in  a  vacuum  desiccator  and  di.ssolved  in  a  volume  of  water  convenient  for  injection. 

Weanling  male  rats  of  the  Sprague-Dawley  strain  which  had  been  hyi)oi)hysectomized 
at  a  body  weight  c)f  45  to  55  grams  were  em])loyed  as  the  test  animsls.  They  were  injected 
subcutaneousl}'  with  0.5  cc.  of  a  solution  of  the  concentrate  twice  daily  for  four  days, 
l)eginning  on  the  fifth  day  after  hypophy.sectomy.  (Regardless  of  the  dose  of  concentrate 
being  administered,  the  dilution  was  such  that  the  total  volume  of  fluid  injected  into 
each  rat  was  4  cc.)  The  animals  were  killed  on  the  day  following  the  last  injections  and 
the  testes,  seminal  vesicles  and  ventral  i)rostate  removed.  After  being  freed  of  fat  and 
fibrous  tissue  these  organs  were  weighed  immediately  on  a  Roller-Smith  torsion  balance. 

The  testes  were  prepared  for  histological  examination  by  fixation  in  Zenker  acetic 
acid.  Sections  cut  at  a  thickness  of  seven  n  were  stained  with:  (a)  hematoxylin  and  eosin, 
(b)  Masson’s  trichrome,  (c)  Mallory’s  phosphotung.stic  acid  hematoxylin,  (d)  i)hloxine- 
methylene  blue,  and  (e)  Verhoeff’s  elastic  tissue  stain.  For  the  histochemical  studies  the 
testes  were  fixed  in  arpieous  ten  j)er  cent  formalin  for  one  week,  washed  thoroughlj"  in 
running  tap  water  and  sectioned,  without  embedding,  on  the  freezing  microtome  at 
Ifi/a.  The  sections  were  mounted  on  slides  with  one  per  cent  gelatin  and  j)repared  as  fol¬ 
lows:  (a)  one  was  stained  in  a  one  j)er  cent  solution  of  sudan  black  H  in  70%  alcohol  for 
.seven  minutes;  (b)  one  was  stained  by  the  carbonyl  reagents  of  Ashbel  and  Seligman 
(1949);  (c)  one  was  stained  for  cholesterol  by  the  Schultz  method:  (d)  one  was  mounted 
unstained  for  .study  under  the  j)olarizing  and  fluorescence  microscopes.  These  methods 
have  been  found  u.seful  in  estimating  the  state  of  secretory  activity  f)f  steroid-hormone 
producing  ti.ssues  (I)emi)sey,  1948;  Deane,  1951). 


KESULTS  A\D  DISCUSSION* 

Although  occasional  concentrates  from  both  .single  ami  pooled  .specimens 
of  urine  proved  to  be  toxic  even  in  low  dosage,  most  of  the  concentrates 
prepared  after  the  metliod  described  above  could  be  administered  in 
amounts  equivalent  to  a  twelve  hour  output  of  urine  without  an  undue 
loss  of  test  animals.  Results  representative  of  tho.se  obtained  with  pools 
of  moderate  gonadotropic  potency  are  pre.sented  in  Table  1.  It  was  found 
that  a  .substantial  increment  in  both  testicular  and  prostatic  weight  was 
produced  by  concentrates  equivalent  to  as  little  as  three  hours’  urinary 
output.  The  .seminal  vesicles  proved  to  be  le.ss  sensitive  to  stimulation 
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TaBI.E  1.  KkKECT  ok  an  I  NFRACTIOXATED  EXTRACT  OK  HI  MAN  KEMAI.E  I  RIXE  I  KON  THE 
TESTES  AND  ACCESSORY  SEXUAL  ORGANS  OK  HYPOI’HYSECTOMIZED  IMMATURE  MALE  RATS 


Hours  of 

Xo.  of 
rats 

Meaii  l>odv 

Mean  and  standard  deviation  of 

weight  of 

urine 

injected 

weight 

gin. 

Testes  Ventral  prostate  Seminal  vi'sielcs 

mg.  mg.  mg 

0 

7 

4.5 

13.5.2+2.50  .5. 8 +  1.2 

0.0+1  .0 

3 

8 

40 

203.3+.50.4  0.8+2. 2 

8. 8+0.0 

(> 

1) 

40 

310.5+20.0  12.7+2.4 

0.7  +  1  .3 

10 

.53  ■ 

324.4+21.0  18.8+3.0 

1  1  . 1  +  1  ..5 

12 

0 

40 

330.7  +.32.0  18.0  +  3.0 

10.2+2.4 

than  was  tiie  vcMitral  prostate,  a  result  in  agreement  with  many  previous 
reports. 

Tlie  presence  of  F8H  in  tlie  urine  concentrates  is  l)elieve(l  to  account 
for  the  greater  part  of  the  increase  observed  in  the  weight  of  tlie  testes. 
ICSH  contributed  to  testicular  growth,  but  to  a  lesser  extent ;  hypertrophy 
of  the  Leydig  cells,  and  tubular  enlargement  in  response  to  androgen 
secreted  by  them,  probably  account  for  a  small  proportion  of  the  increase 
in  testicular  weight. 


TaBLK  2.  FaIH  KE  OF  A\  1' \FKA(’TIONATEI)  EXTRACT  OK  IM  MAX  KEMAI.E  I  KINE  TO  STIMI  EATE 
GKOWTJr  OK  THE  VENTRAL  LOBE  OK  THE  PROSTATE  (H.AM) 

OK  CASTRATED  H YPOPH YSECTOMIZED  RATS 


Typo  of  animal 

Xo.  of 
animals 

Hours  of 
urine 
inji'cted 

Mean  and  standard  deviation  of 
weight  of 

\'entral  prostate, 
mg. 

Testes, 

mg. 

11  vpophvseetomized 

7 

0 

.5.8+1  .2 

13.5.2+2.5.0 

11  vpophvseetomized 

10 

0 

22.2  +4. .5 

20,5.0+31  .3 

H  vpophvseetomized 

*  and  east  rated 

10 

0 

0.8+  1  .7 

— 

The  presence  of  ICSH  in  the  extracts  was  manifested  by  the  increase 
in  the  weight  of  the  ventral  prostate  and  seminal  vesicles,  which  grew 
in  response  to  androgen  secreted  by  the  stimulated  Leydig  cells.  Between 
dc.sage  levels  equivalent  to  three  and  nine  hours’  output  of  urine,  the 
prostatic  weight  was  roughly  proportional  to  the  logarithm  of  the  dose 
administered  (Table  1). 

Histological  and  histochemical  evidence  of  FSll  and  ICSH  activity 
was  also  obtained.  Tubular  eidargement  and  differentiation  of  the  sperma¬ 
tocytes  occurred,  and  the  nuclei  of  the  Sertoli  cells  became  recognizable. 
The  interstitial  cells  of  the  control  animals  resembled  fibrocytes,  and  their 
meager  cytoplasm  was  dev'oid  of  lipids  (Fig.  1) ;  thc.se  of  the  treated  animals 
exhibited  a  more  abundant  cytoplasm,  which  contained  clusters  of  minute 
lipid  droplets  (Fig.  2).  These  droplets  were  intensively  reactive  to  the 


Testes  of  rats  fixed  in  10%  formalin,  sectioned  on  the  freezing  microtome,  staineil 
with  Sudan  hlack  li  for  seven  minutes,  i)hotograi)he<l  with  a  blue  filter.  X200. 

Fig.  1.  Testis  of  a  control  hypojihysectomized  rat.  The  tubules  are  small  and  the 
interstitial  ti.ssue  shrunken.  Fat  drojilets  are  pre.sent  in  the  walls  of  the  tubules,  hut  none 
occur  in  the  interstitial  cells. 

Fig.  2.  Testis  of  a  hyj)ophy.sectomized  rat  injected  with  a  urine  concentrate  for  four 
days.  Both  the  tubules  and  the  interstitial  cells  are  conspicuously  enlarged.  As  compared 
with  the  control,  less  fat  occurs  in  the  tubules,  but  minute  fat  drojilets  now  appear  in  the 
interstitial  cells.  These  droplets  also  dis|)layed  the  Ashbel-Seligman  reaction  for  car¬ 
bonyl  groups  and  a  yellowish  fluorescence;  the  droplets  of  occasional  cells  gave  the 
Schultz  reaction  for  cholesterol. 
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carlionyl  test  and  displayed  a  yellowish  fluorescence.  In  occasional  groups 
of  cells  the  droplets  were  Schultz-positive.  The  small  size  of  the  droplets 
in  the  stimulated  interstitial  cells,  their  reactivity  to  the  carbonyl  test, 
and  their  fluorescence  suggest  that  they  may  represent  the  secretory 
product  of  the  Leydig  cells.  The  larger  lipid  droplets  observed  in  the  tubu¬ 
lar  cells  of  both  the  control  and  treated  rats  appear  not  to  be  associated 
with  secretory  activity. 

It  was  anticipated  that  the  alcoholic  precipitation  of  gonadotropins  at 
the  conclusion  of  the  extraction  process  would  free  tlie  protein  precipitate 
from  steroid  compounds.  However,  in  order  to  demonstrate  that  the 
prostatic  enlargement  of  the  treated  animals  was  not  ascribable  to  andro¬ 
genic  steroids  carried  through  the  concentration  procedure,  tlie  response 
of. hypophysectomized-cast rated  rats  to  a  potent  extract  was  compared 
with  that  of  animals  subjected  only  to  hypophysectomy.  The  inal)ility 
of  the  extract  to  stimulate  prostatic  growth  in  cast  rat  ed-hypophysecto- 
mized  rats  can  be  seen  from  the  results  summarized  in  Table  2.  Despite 
.slight  edema  re.sulting  from  the  ca.stration  procedure,  the  prostatic 
weights  of  the  doubly  operated  animals  did  not  differ  significantly  from 
those  of  the  controls. 

SUMMAKY 

A  method  for  the  preparation  and  identification  of  pituitary  ICSll  in 
human  urine  is  described.  Concentrates  of  as  little  as  three  hours’  output 
of  female  urine  w'ere  found  to  produce  an  appreciable  increment  in  the 
weight  of  the  ventral  prostate  of  the  hypophysectomized  rat,  the  indicator 
of  ICSH  effect.  Histological  and  histochemical  evidence  of  ICSH  activity 
in  the  urinary  concentrates  was  also  obtained.  Extension  of  these  data  to 
permit  their  expre.ssion  in  terms  of  rat  units  of  ICSH  is  being  undertaken. 
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ADRENAL  LIPID  AND  ALKALINE  PHOSPHATASE  IN 
HAMSTERS  INFP:(TED  WITH  LEISHMANIA 
DONOVAN I 

JAMES  IL  LEATIIEM  axd  LESLIE  A.  STAUBER 

From  the  Htirenu  of  Biologicnl  Research  and  Department  of  Zoologij  Rutgers  rniversitg, 
Xew  lirunsu'ick,  Xem  Jerseg 

CH  ANDES  in  adrenal  size  (Selye,  Tepperman,  Engel  and  Long, 

1942;  Chan,  1950)  sudanophilie  lipid  (Selye,  1980;  Zwemer,  1980; 
Knouff,  Brown  and  Schneider,  1941;  Dosne  and  Dalton,  1941;  Harrow 
and  Sarason,  1944)  cholesterol  (Popjack,  1944;  Levin,  1945;  Ludewig  and 
Chanutin,  1947;  Fortier  et  at.,  1950)  and  ascorbic  acid  (Saj'ers  and  Sayers, 
1948)  are  induced  by  stress.  In  this  regard,  chronic  infections  may  serve 
as  a  continuous  stress  and  thus  influence  the  functional  activity  of  the 
adrenal  cortex.  In  general,  adrenal  hypertrophy  and  a  lo.ss  in  lipid  accom¬ 
panies  prolonged  infections  (Deanesly,  1981;  Menten  and  Smith,  1980). 
More  recently,  Sayers  and  his  co-workers  (1944)  liave  shown  that  infec¬ 
tious  disea.ses  will  deplete  the  adrenal  gland  of  cholesterol  and  may  favor 
adrenal  exhaustion  (Long,  1947;  Pinchot,  Clo.se  and  Long,  1949). 

Attention  was  drawn  to  the  possible  involvement  of  the  adrenal  gland 
in  the  death  of  (lolden  hamsters  {Mesocricehis  auratus)  infected  with 
Leishmania  donovani  as  many  hamsters  exhibited  marked  edema.  In 
Meleney’s  classical  description  of  the  histopathology  of  visceral  leish¬ 
maniasis  in  the  Chinese  hamster  (Cricetuhis  grisem)  leishmania  were 
found  in  clasmatocytes  and  even  in  the  parenchymal  cells  of  the  adrenal. 
Meleney  (1925)  makes  no  mention,  however,  of  the  edema  or  of  the 
other  abnormalities  to  be  reported,  although  (loodwin  (1945)  and  (Jellhorn 
et  al.  (194(1)  discuss  the  edema  and  Clellhorn  ei  at.  (194())  report  amyloid 
in  the  adrenal  cortex.  Furthermore,  Brahmachari  (1942)  noted  a  hyper¬ 
pigmentation  of  the  skin  in  man  following  leishmania  infection  which  he 
related  to  adrenal  insufficiency.  The  hamster  presented  something  of  a 
unique  study  in  stre.ss  for  unlike  most  mammals  with  lipid  rich  adrenal 
cortices  the  hamster  adrenal  is  essentially  free  of  histologically  demon¬ 
strable  lipid  or  cholesterol  (Peczenik,  1944,  Koneff,  Simpson  and  Evans, 
194(1;  Wexler,  1951)  although  a  tinge  of  phospholipid  and  carbonyl  lipid 
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has  l)een  detected  (Alpert,  1950;  Wexler,  1951).  Otlier  components  of  the 
hamster  adrenal  included  ascorbic  acid  (Alpert,  1950;  Wexler,  1951)  and 
histologically  determined  alkaline  phosphatase  enzyme  (Alpert,  1950). 

The  current  study  was  prompted  by  the  paucity  of  information  on  the 
hamster  adrenal  and  on  the  relationship  of  parasitic  infection  as  a  form  of 
stress  to  adrenal  function. 

MATERIALS  AND  METHODS 

.Male  golden  hamsters  (young  adults)  were  obtained  from  a  commercial  breeder  and 
maintained  on  Purina  dog  chow  pellets.  Infection  was  produced  by  the  intraperitioneal 
inoculation  of  a  suspension  of  ground  heavil}’  infected  hamster  spleen  in  physiological 
saline.  The  Khartoum  strain  of  Leishinania  donovani  was  used.  Infected  hamsters  were 
killed  by  gassing  and  bleeding  from  the  heart  before  it  stopped  beating  at  intervals  of 
1,  2,  4,  6  and  8  weeks  to  permit  comparison  of  the  adrenal  glands  with  those  from  non- 
infected  controls.  One  adrenal  was  fixed  in  10%  neutral  formalin  for  48  hours,  embedded 
in  gelatin  (Zwemer,  1933)  and  returned  to  formalin  until  sectioned.  These  glands  were 
sectioned  at  15  microns  on  a  freezing  microtome,  stained  with  sudan  IV  (Herxheimer’s 
solution,  Cowdry,  1943),  sudan  black  B  and  nile  blue  sulfate  and  mounted  in  glychrogel 
(Zwemer,  1933).  Sections  were  placed  in  2.5%  ferric  ammonium  sulfate  at  37°  C.  for 
3  days  and  then  treated  with  sulfuric  acid  (Schultz,  1924)  in  an  attempt  to  reveal  cho¬ 
lesterol  and  its  esters.  The  other  adrenal  was  fixed  in  cold  80%  alcohol,  paraffin  embedded 
and  sectioned  at  6  microns.  The  Gomori  (1939,  1941)  technic  was  u.sed  for  estimation 
of  alkaline  i)hosphatase  enz3  me  with  the  addition  of  2%  magnesium  sulfate  to  augment 
the  stain.  The  tissues  were  incubated  at  37°  C.  with  sodium  B  glycerophosphate  for  3  and 
24  hours  at  pH  9.3-9.4.  Some  adrenal  sections  were  stained  with  hematoxj  lin  and  eosin 
and  the  kidne\’,  seminal  vesicle  and  testis  were  examined  for  alkaline  phosphata.se  in 
some  cases. 

Intensitj’  of  infection  was  observed  grosslj’  bj’  the  amount  of  splenomegalj’.  This  was 
confirmed  bj'  counts  of  the  parasites  on  Giemsa-stained  impression  smears  from  a  cut 
face  of  the  spleen.  The  densitj’  was  expressed  as  the  number  of  leishinania  jier  spleen 
cell  nucleus  (Goodwin,  1945).  Counts  above  10  I.ieishmania  per  sjileen  cell  nucleus,  as 
occurred  in  the  8th  week  of  the  infections  in  this  series,  are  considered  verj-  heavj'  infec¬ 
tions. 

RESULTS 

Adrenal  gland  of  normal  ham.sters:  the  ham.ster  adrenal  presents  the 
usual  adrenal  cortical  zonations.  The  zone  glomerulosa  under  the  connec¬ 
tive  ti.ssue  capsule  is  relatively  narrow  and  contains  cells  somewhat  smaller 
than  in  the  adjacent  fasciculata.  These  cells  may  be  flattened  and  piled 
in  rows  of  5  or  6  cells  extending  from  capsule  to  fasciculata.  The  zona 
fasciculata  is  in  palisade  arrangement  generally  but  these  cells  are  not 
necessarily  in  cord  arrangement.  Furthermore,  the  cells  may  be  irregular 
in  shape  with  the  nucleus  situated  centrally  or  peripherally  (Figure  1).  In 
the  zona  reticularis  the  cells  may  be  rectangular  or  irregular  in  shape 
and  nests  of  cells  forming  an  acinar  arrangement  were  observed.  Enlarged 
sinusoids  were  common  in  the  reticularis. 


March,  1952 


PHOSPHATASE  IN  HAMSTERS 


313 


In  general,  the  liamster  adrenal  failed  to  provide  a  positive  reaction 
for  lipid  or  cholesterol.  However,  in  two  animals  a  very  slight  i-eaction 
was  noted  for  cholesterol  and  in  two  additional  animals  a  slight  lipid  stain 
(sudan  IV  and  sudan  black  B)  was  evident  altlioiigh  no  cholesterol 
reaction  was  observed.  Alkaline  phosphatase  enzyme  was  observed  in  tlie 
nuclei  and  the  cytoplasm  of  the  midfasciculata  and  in  the  nuclei  of  tl\e 
other  zones  after  3  hours’  incubation  (Figure  3).  Increasing  the  incubation 
time  to  24  hours  did  not  alter  the  distribution  of  the  enzyme  but  increased 
the  intensity  of  tlie  reaction  and  favored  a  sliglit  nuclear  reaction  in  the 
medulla  (Figure  4). 

Adrenal  gland  of  infected  hamsters;  the  adrenal  glands  from  infected 
animals  simulated  tliose  of  tlie  controls  for  the  first  two  weeks.  After  four 
weeks,  however,  the  adrenals  from  hamsters  with  spleens  thrice  normal 
size  and  with  parasite  counts  at  approximately  0.2  leishmania  per  spleen 
cell  nucleus  exhibited  a  beginning  cellular  enlargement  in  the  reticularis 
with  a  slight  loss  in  cytoplasmic  eosinophilia  (Figure  2).  A  tinge  of  lipid 
stain  (Figure  7)  and  a  mild  but  definite  cholesterol  reaction  could  also  be 
observed  in  these  glands.  Six  weeks  after  inoculation,  the  adrenals  exhibited 
a  reticularis  and  an  inner  fasciculata  which  contained  many  enlarged 
cells  which  did  not  stain  with  eosin.  Other  cells  were  of  signet  ring  appear¬ 
ance,  the  nucleus  being  on  the  periphery  and  the  cytoplasm  appearing  as 
a  vacuole.  Sections  stained  with  sudan  IV  and  sudan  black  B  indicated 
the  presence  of  lipid  in  the  reticularis  and  fasciculata  (Figure  8).  Indi¬ 
vidual  cell  staining  was  variable  and  the  lipid  appeared  as  either  fine 
or  large  cytoplasmic  droplets.  Some  cells  resembled  typical  fat  cells  with 
the  nucleus  on  the  periphery  and  a  positive  cytoplasmic  stain  but  not 
all  cells  with  a  peripheral  nucleus  and  large  vacuolated  cytoplasm 
stained  for  lipid  suggesting  an  hydropic  degeneration.  A  few  reticular 
cells  exhibited  a  rose  colored  reaction  for  unsaturated  glycerides  following 
nile  blue  .sulfate  stain  and  acid  treatment.  A  strong  cholesterol  response 
was  obtained  in  the  fasciculata  and  reticularis.  It  was  apparent  that  the 
degree  of  infection  would  influence  the  results  and  indeed  adrenal  mor¬ 
phology  could  be  correlated  with  the  degree  of  infection  at  six  weeks, 
hamsters  with  few  parasites  failing  completely  to  exhibit  adrenal  changes. 
The  heavily  infected  hamsters  that  .survived  53  to  50  days  exhibited  an 
enhancement  of  the  morphological  changes  just  described  with  increased 
lipid  and  cholesterol  throughout  the  reticularis  and  fasciculata  and  an 
enlarged  area  of  cells  showing  a  lo.ss  in  eosinophilia  and  apparent  hydropic 
degeneration.  The  reaction  for  unsaturated  glycerides  was  more  wide¬ 
spread. 

Alkaline  phosphatase  enzyme  concentration  and  distribution  was 


Fig.  1.  Xoniial  hamster  adrenal  eortex.  Irre^jularity  of  eell  size  and  nuclear  jmsition 
shown.  H  &  E. 

Fig.  2.  Reticularis  of  hamster  adrenal.  Cells  enlaified  and  eosinophilia  lackin'!;. 

Fig.  3.  Alkaline  pho.sphatase.  3  hour  incubation. 

Fig.  4.  Alkaline  phosphatase.  24  hour  inc;il»ation.  Note  increased  .stain  inten.sity. 
Fig.  o.  .\lkaline  phosphatase  in  hamster  adrenal  cortex  .ub  days  after  infecting  with 
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sliarply  influenced  l)y  parasitic  infection  beginning  with  the  fourth  week. 
In  general,  the  enzyme  concentration  after  3  hours  incubation  was  maximal 
and  as  intense  as  that  seen  in  fascicular  cell  cytoplasm  of  control  adrenals 
after  24  hours’  incubation.  The  enzyme  was  e.s.sentially  cytoplasmic  and 
had  distributed  itself  throughout  all  of  the  reticularis  and  fasciculata 
stopping  as  if  at  a  boundary  at  the  glomerulosa  which  appeared  unchanged 
(Figure  5).  The  areas  of  cells  which  failed  to  stain  for  lipid  despite  their 
fat  cell  appearance  did  not  react  to  alkaline  phosphatase  in  the  cytoplasm. 
An  intermediate  degree  of  reaction  provided  an  adrenal  in  which  only 
varied  groups  of  cells  would  exhibit  an  increa.sed  intensity  of  phosphatase 
reaction  (Figure  fl).  The  altered  enzyme  reaction  occurred  only  in  tho.se 
glands  in  which  lipid  and  cholesterol  were  also  detected. 

Distribution  of  alkaline  phosphatase  in  the  kidney  was  the  same  as 
described  for  other  .species.  The  nuclei  of  proximal  and  distal  convoluted 
tubules  were  most  prominent  but  the  brush  border  of  the  proximal  con¬ 
voluted  tubules  contained  a  marked  concentration  of  the  enzyme  (Figure 
9).  Kidneys  from  infected  hamsters  seemed  to  have  a  slightly  greater 
enzyme  concentration  (Figure  10).  In  the  testis,  alkaline  phosphatase 
was  pre.sent  in  the  ba.sement  membrane  and  in  .spermatogonial  nuclei.  In 
the  .seminal  vesicles  an  inten.se  subepithelial  stain  was  observed  in  the 
three  normal  hamsters  studied. 


DISCUSSION 

The  normal  hamster  adrenal  gland  was  found  to  be  lipid  poor  in  agree¬ 
ment  with  previous  investigators  (Peczenik,  1944;  Koneff,  Simpson  and 
Evans,  1946;  Alpert,  1950,  Wexler,  1951).  The  occasional  presence  of  a 
tinge  of  lipid  may  represent  individual  variations  or  may  be  related  to  the 
seasonal  cycle  which  Kayser  and  Aron  (1950)  find  to  occur  in  the  hamster 
adrenal  cortex.  Accumulation  of  lipid  can  be  induced  by  stilbestrol  ad¬ 
ministration  (Peczenik,  1944;  Koneff,  Simp.son  and  Evans,  1946;  Alpert, 
1950).  Alpert  noted,  however,  that  the  sudanophilic  lipid  following 
estrogen  was  due  to  degeneration  pigments  or  lipochromes  in  all  but  one 
case,  and  also  that  ACTII  did  not  influence  adrenal  lipid.  Our  .studies 

Leishniania.  3  hour  incubation. 

Fig.  6.  Alkaline  phosphatase  in  hamster  adrenal  cortex  42  days  after  infecting  with 
Leishniania.  3  hour  incubation. 

Fig.  7.  Adrenal  cortex  of  a  hamster  infected  for  28  days.  Sudan  black  B  stains  very 
slightly. 

Fig.  8.  Marked  accumulation  of  lipid  in  adrenal  cortex  in  hamster  infected  for  42 
days.  Sudan  black  B.  Note  increased  concentration  and  distribution. 

Fig.  9.  Alkaline  phosphatase  in  normal  hamster  kidney.  3  hour  incubation. 

Fig.  10.  Alkaline  phosphatase  in  an  infected  hamster  kidney.  3  hour  incubation. 
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reveal  that  cholesterol  and  lipid  will  accumulate  in  the  adrenal  of  hamsters 
infected  with  leishmaniasis  and  have  considered  this  a  response  to  stress. 
One  might  anticipate  from  our  results  that  ACTH  would  stimulate  the 
adrenal  changes  induced  by  our  stress  conditions  and  indeed  ACTH 
might  do  so  for  it  should  be  noted  that  Alpert  (1950)  injected  ACTH  for 
only  12  days  whereas  our  initial  adrenal  alterations  were  seen  in  four  weeks. 
On  the  other  hand,  Fortier  et  al.  (1950)  have  shown  that  the  adrenal 
response  to  repeated  ACTH  administration  and  to  stress  may  differ. 

I^eishmania  infection  results  in  adrenal  cortical  changes  which  are 
suggestive  of  exhaustion.  Although  the  accumulation  of  cholesterol  and 
lipid  could  represent  the  assimilation  of  materials  to  be  used  for  cortical 
hormone  formation  it  may  also  signify  the  gland’s  inability  to  use  these 
substances,  for  in  the  later  stages  of  infection  many  cortical  cells  appar¬ 
ently  are  undergoing  hydropic  degeneration.  Peczenik  (1944)  observed 
large  non-sudanophilic  vacuoles  in  cortical  cells  in  hamsters  receiving 
stilbestrol.  In  contrast  to  the  lipid  poor  hamster  adrenal,  the  lipid  rich 
rat  adrenal  contains  less  lipid  after  prolonged  infection  (Deanesley,  1931 ; 
Menten  and  Smith,  1936)  although  Andersen  (1935)  mentions  that  adre¬ 
nals  from  rats  with  spontaneous  infections  have  an  increased  lipid  content. 
Recently,  Pinchot,  Close  and  Long  (1949)  in  studying  tularemia  infection 
in  the  rat  noted  a  low  adrenal  cholesterol  content  at  a  time  when  ascorbic 
acid  levels  were  above  normal  and  adrenal  insufficiency  due  to  adrenal 
exhaustion  was  suggested  as  a  contributing  cause  of  death.  Apparently 
the  immediate  tendency  for  the  rat  adrenal  to  lose  lipid,  cholesterol  and 
ascorbic  acid  following  stress  or  ACTH  is  not  maintained  when  con¬ 
tinued  stress  is  studied  (Fortier  et  al.,  1950).  Furthermore,  sudanophilia 
may  be  dissociated  from  cholesterol  and  ascorbic  acid  levels  as  neutral 
fat  (Popjack,  1944)  and  phospholipid  (Knouff,  Brown  and  Schneider, 
1941 ;  Popjack,  1944;  Ludewig  and  Chanutin,  1947)  may  remain  unaltered 
while  cholesterol  drops.  In  our  studies,  unlike  those  in  the  rat,  infection 
increases  sudanophilic  lipid  and  cholesterol. 

Herlant  and  Timiras  (1950)  explored  varied  rat  tissues  for  changes  in 
alkaline  phosphatase  concentration  induced  by  stress  and  observed  an 
increase  in  liver,  lung,  spleen,  lymph  nodes  and  thymus  but  no  change  in 
the  kidney.  In  the  hamster,  stress  induced  by  infection  may  have  increased 
alkaline  phosphatase  in  the  kidney  slightly  but  the  profound  change  was 
seen  in  the  adrenal  glands  where  concentration  was  increased  and  the  dis¬ 
tribution  more  widespread.  No  explanation  for  this  change  is  apparent  but 
it  might  be  related  to  phospholipid  metabolism. 

SUMMARY 

Leishmania  infection  in  hamsters  was  followed  in  4  weeks  by  an  accumu- 
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lation  of  lipid  and  cholesterol  in  the  adrenal  cortex  normally  devoid  of 
these  substances.  The  response  was  related  to  the  degree  of  infection. 
Prolonged  stre.ss  induced  by  Leishmania  infection  alters  the  morphology 
of  the  adrenal  cortex  .sufficiently  to  suggest  adrenal  exhaustion  as  a  con¬ 
tributing  cause  to  the  death  of  the  animals. 

The  mid-fascicular  cells  of  the  normal  hamster  adrenal  contained 
cytoplasmic  alkaline  phosphatase.  Following  infection,  the  enzyme 
concentration  increased  in  the  adrenal  cortex  and  was  distributed  in  the 
cytoplasm  of  the  entire  fasciculata  and  reticularis. 
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BASAL  OXYGEN  CONSUMPTION  OF  HEREDITARILY 
OBESE  AND  DIABETIC  MICE 


JEAN  MAYER,  RUTH  E.  RUSSELL,  MARGARET  W.  BATES, 
AM)  MARGARET  M.  DICKIE 

Department  of  X utrition,  Harvard  School  of  Public  Health,  Boston,  Massachusetts, 
and  Roscoe  B.  Jackson  Memorial  Laboratory,  Bar  Harbor,  Maine^ 

PREVIOUS  publications  have  described  certain  metabolic  character¬ 
istics  of  a  strain  of  mice  (Obob)  presenting  a  high  proportion  of 
hereditarily  obese  individuals.  The  obesity  and  associated  abnormalities 
appears  to  be  a  simple  Mendelian  recessive  trait.  It  has  been  shown 
(Mayer  et  al.,  1951)  that,  when  allowed  a  free  choice  of  nutrients,  obe.se 
individuals  ate  25  per  cent  more  calories  than  the  non-obese  siblings; 
the  proportion  of  calories  derived  from  fat,  protein  and  carbohydrate 
differed  markedly  between  obe.se  and  non-obese  animals,  with  the  obese 
.selecting  proportionately  far  less  carbohydrate,  le.ss  protein  and  almost 
twice  as  much  fat  than  did  the  non-obese.  The  obe.se  animals  were  found  to 
exhibit  diabetes  mellitus  (Mayer,  Bates,  and  Dickie,  1951),  with  blood 
sugar  levels  of  fed  individuals  ranging  up  to  350  mg.  per  cent;  the  gluco- 
.suria  is  of  the  order  of  3  g.  per  cent.  Furthermore,  the  obe.se  animals 
present  a  striking  insulin  resistance,  doses  of  400  i.u.  of  insulin  per  Kg. 
leaving  them  unaffected.  Ilistopathological  studies  of  the  obe.se  animals 
(Blelsch,  Mayer  and  Dickie,  in  press)  revealed  centripetal  fat  deposition, 
cutaneous  atrophy,  non-healing  ulcers  of  the  skin  and  hyperplasia  of  the 
islets  of  Langerhans.  Structural  changes  of  endocrine  organs  (other  than 
the  pancreas)  were  not  demonstrated.  Lesions  of  the  hypothalamus,  a 
region  of  special  interest  because  of  its  relation  to  the  regulation  of  food 
intake,  were  not  detected  either.  Obe.se  individuals  had  low  hepatic  glyco¬ 
gen  stores,  while  their  non-obese  siblings  present  consistently  higher 
amounts  than  did  Swiss  and  CBL  57  mice  examined  in  the  same  conditions 
(Bleisch,  Mayer,  and  Dickie,  in  press). 

In  the  course  of  the  continued  search  for  the  primary  inherited  metabolic 
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abnormality,  a  study  was  undertaken  of  the  respiratory  metal)olism  of 
the  obese  and  non-obese  animals.  Determinations  of  oxygen  consumption 
and  respiratory  quotients  in  various  conditions  were  obtained.  This 
report  is  e.ssentially  concerned  with  the  fasting  (“basal”)  oxygen  consump¬ 
tion  of  obese  .and  non-obese  animals,  with  indications  of  the  effect  of 
thyroxine  injection  on  weights  and  respiratory  metabolism. 

MATKIII.\LS  AM)  MKTHODS 

A  total  of  19  animals  wc'ie  used  in  the  first  series  of  experiments  (determination  of 
hasal  oxygen  eonsumi)tion).  They  fell  into  three  k><>ii1>«:  9  ohese  and  7  non-ohese  sih- 
liiiKs  of  the  Ohoh  strain  and,  for  |)uri)ose  of  eomparison,  a  uroup  of  (i  brown  eontrols. 
In  the  second  .series  of  experiments  (effects  of  thyroxine)  S  animals,  4  obese  and  4  non- 
obe.se  were  used.  The  weights  of  the  obese  mice  ranged  from  42.9  to  (iO.O  g.;  that  of  the 
non-obese  siblings  from  2.5.4  to  30.1  g.;  and  that  of  the  brown  mice  from  21. .5  to  31.3 
g.  except  for  one  animal  which  weighed  39.9  g.  The  age  of  the  animals  varied  between  3 
months  and  1  year.  The  animals  were  housed  in  individual  cages  in  a  constant  tempera¬ 
ture  room.  They  were  fed  ad  libitum  water  and  dog  pellets.  They  wcie  fasted  for  19 
hours  j)i  ior  to  each  determination. 

Two  open-circuit  trains  were  u.se<l  for  the  determinations.  .\s  the  amounts  t)f  water 
and  vapor  and  carbon  dioxide  given  off  by  mice  in  the  space  of  an  hour  are  very  small, 
it  is  essential  to  o|)erate  under  conditions  where  fixation  of  these  gases  is  total  both  before 
and  after  the  respiratory  chamber,  (’on.sequently  it  was  found  that  very  elaborate  ab¬ 
sorbing  trains  were  recpiired  in  order  to  avoid  anj-  difference  in  the  weight  of  the  check 
tubes  before  and  after  the  determination.  Soda  lime  was  used  to  absorb  carbon  dioxide; 
“drierite”  (anhy<lrous  calcium  sulfate),  to  absorb  water.  The  latter  was  colored  by  an 
indicator  which  changed  from  deep  blue  to  lavender  to  pink  with  hydration.  It  was  found 
necessary  to  change  the  reagents  in  the  absorbing  towers  every  day  and  in  the  U-tubes 
before  every  run.  The  water-absorbing  units  were  entirely  filled  with  drierit'e.  The  carbon 
dioxide  absorbing  units  were  filled  (going  from  the  inlet  to  the  outlet),  four-fifths  with 
soda  lime  and  one-fifth  with  drierite.  The  function  of  the  drierite  in  these  tubes  is  to 
absorb  the  water  formed  in  the  combination  of  carbon  dioxide  with  the  fixed  bases. 
Failure  to  absorb  this  water  completely  results  in  low  carbon  dioxide  values.  F.ach  train 
consisted  of  fifteen  pieces  divided  in  three  sections.  The  first  section  was  designed  to  free 
the  incoming  air  of  carbon  dioxide  and  water  and  comi)rised:  an  iidet,  made  of  a  calcium 
chloride  tube  filled  with  drierite;  a  sulfuric  acid  towei'  filled  with  concentrated  acid  and 
with  a  “fine”  bubbler;  one  tower  (drierite)  and  three  towers  (.soda  lime,  drierite),  one 
carbon  dioxide  check  tube  and  one  water  check  tube.  Then  followe<l  the  respiratory 
chamber,  made  of  a  short  130  cc.  wide-mouthed  bottle,  a  volume  found  to  be  large 
enough  to  j)revent  the  mouse  from  struggling  and  provide  a  small  reserve  of  air  as 
cushion  against  possible  fluctuations,  yet  small  enough  to  di.scourage  physical  activity 
and  minimize  dead  space.  A  three-hole  stopper  was  used  with  one  hole  for  the  inlet,  one 
for  the  outlet  and  one  for  a  thermometer.  The  ab.sorbing  train  proper  was  made  of  two 
drierite  U-tubes,  the  second  being  the  water  check  tube;  ami  three  soda  lime-drierite 
tubes,  the  last  one  being  the  carbon  dioxide  check  tube.  A  manometer  was  attached  to 
the  train  before  the  outlet  (to  the  vacuum  tap).  All  joints  were  made  of  plastic  tubing. 
The  temperature  outside  of  the  train  was  maintained  within  narrow  limits.  The  tempera¬ 
ture  within  the  chamber  did  not  rise  by  more  than  2°  C’.  during  oj)eration.  A  depression 
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of  3  cm.  of  mercury  was  found  optimal.  All  animals  were  made  to  urinate  (by  gentle 
pressure  on  the  abdomen)  before  the  experiment.  If  any  animal  urinated  during  the 
experiment,  the  first  water-absorbing  tube  immediately  changed  color  and  the  determi¬ 
nation  was  discontinued.  All  weights  were  obtained  to  the  nearest  mg.  with  a  chaino- 
matic  balance  graduated  in  tenths  of  mg.  Rapid  weighing,  particularh-  of  the  animal  in 
the  respiratory  chamber  is  essential.  Oxygen  consumption  is  obtained  as  the  difference 
between  weights  of  water  plus  carbon  dioxide  given  off  and  weight  loss  of  the  respiratory 
chamber  containing  the  animal. 

In  the  second  series  of  experiments,  the  animals,  obese  and  non-obe.se,  were  injected 
daily  for  two  weeks  with  50  /ag.  of  thyroxin  (crystals,  Squibb,  dissolved  in  sterile  water). 
Basal  oxygen  consumption  was  followed.  “Feel”  blood  glucose  values  were  obtained 
before  and  after  the  period  of  treatment.  Insulin  resistance  tests  were  conducted  in  the 
obese  animals  by  injection  of  10  i.u.  insulin  (Iletin,  Lilly)  in  the  fasting  state. 

RESULTS 

For  each  animal,  at  least  three  concordant  low  determinations  were 
obtained  and  averaged.  The  results  recorded  in  Table  1  represent  the 
means  of  individual  averages.  They  are  expressed  in  terms  of  volume  of 
oxygen  at  0°C  and  normal  pres.sure.  Generally  speaking,  two  or  three 
higher  values  were  recorded  before  lower  v’alues,  in  good  agreement  with 


TaBLK  1.  BasAI.  OXYOK.N  COXSl'MCTIOX  OK  OBESK  AXU  XOX-OBESE  MICE 
OF  THE  OBOB  STRAIX  AXI)  OK  BROWX  MICE 


.\verage  weight 

(r.) 

Average 
total  oxygen 
consumption 
(cc./min.) 

.\verage  oxygen 
consumption  per 
g.  (cc./min./g.) 

Average  oxygen 
consumpiion 
per  unit  surface 
(cc./min./g.® 

Obese 

53.7  +!».  1 

1  .398+0.30 

0.0277  +  .001 

0.098+0.003 

Non-obese* 

28. 2  ±1.9 

1  .078+0.25 

0.0010+  .012 

0.175+0.031 

Brown 

25>.5±7.0 

1  .230+0.48 

0.0404  +  .013 

0.100+0.018 

(Figures  after  ±  signs  rejiresent  standard  deviations.) 


one  another,  were  reached.  This  no  doubt  corresponds  to  the  acclimatiza¬ 
tion  of  the  animals  to  the  experimental  procedure. 

Table  1  .summarizes  the  results  obtained  with  the  untreated  obe.se  and 
non-obese  siblings.  Results  obtained  on  the  brown  mice  are  included  for 
comparative  purposes.  It  is  readily  seen  that,  on  a  weight  basis,  the 
oxygen  consumption  of  the  obese  animals  is  less  than  o0%  than  that  of 
the  non-obese  (P  <0.001).  Expressing  the  results  on  the  basis  of  surface 
area,  and  taking  the  weight  to  the  0.7  power  to  be  proportional  to  the 
body  surface  (Brody,  1944),  one  finds  that  the  “basal  metabolic  rate”  of 
the  obese  animal  is  44%  lower  than  that  of  the  obese  animals  (P  <0.001). 
In  spite  of  a  body  weight  almost  double  of  that  of  the  non-obese  animals, 
the  total  oxygen  consumption  of  the  obe.se  mice  is  thus  somewhat  (though 
not  significantly)  smaller  than  that  of  the  obe.se  animals.  Respiratory 
quotients  for  both  obe.se  and  non-obese  animals  varied  between  0.70  and 
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0.74  with  an  average  of  0.72;  no  significant  difference  tlius  appeared  in 
the  re.spiratory  quotients  under  “basal”  conditions.  A  significant  differ¬ 
ence  was  found  between  the  two  strains  Obob  non-obese  and  brown  mice. 

The  daily  dose  of  50  mK-  per  mouse  was  found  to  bring  the  basal  meta¬ 
bolic  rate  of  obese  mice  to  .178  cc.  g./  min.,  of  the  same  order  of  magnitude 
as  that  of  the  untreated  mice.  That  of  normal  mice  was  elevated  to  .202 
cc./g./min.  Under  these  conditions,  the  obese  mice  were  found  to  suffer 
a  rapid  loss  of  weight.  For  example,  one  obese  mou.se  lost  18.5  g.  in  14 
days.  Another  lost  8.7  g.  in  14  days.  Blood  sugar  levels  were  not  signifi¬ 
cantly  affected  and  in  the  fed  state  remained  of  the  order  of  400  mg.  per 
cent.  The  daily  food  intake  of  the  animals  dropped  from  5  to  0  g.  to  an 
average  of  2.9  g.  Generally  speaking,  older  obe.se  mice  (over  8  months) 
were  found  to  be  more  affected  than  young  obe.se  mice  (le.ss  than  4  months). 
By  contrast,  the  weights  of  normal  animals  were  generally  not  affected  by 
a  similar  do.se  of  thyroxine;  only  one  animal  lost  some  weight,  and  this 
only  2.7  g.  in  14  days.  Another  non-obese  animal  actually  gained  1  g.  in 
14  days  on  the  .same  treatment.  It  may  be  remarked  that  on  a  weight 
basis,  the  do.se  received  by  the  non-obe.se  (50  )ug.  for  28.2  g.)  was  higher 
than  that  received  by  the  obese  (50  for  53.7  g.). 

DISCUSSION 

The  fact  that  there  is  a  difference  between  basal  metabolic  rates  of 
normal  animals  of  two  different  strains  is  not  remarkable.  Various  strains 
of  mice  have  been  shown  to  exhibit  .striking  differences  in  nutritional 
requirements  and  metabolism  (Fenton  and  Cowgill,  1947). 

On  the  other  hand,  the  difference  recorded  between  obe.se  and  non- 
obe.se  animals  is  .surprising.  The  finding  that  obese  mice  do  not  have  a 
higher  total  oxygen  consumption  than  non-obese  animals  is  unexpected 
when  considered  in  the  light  of  extensive  comparisons  between  obese 
and  non-obese  human  .subjects  (Boothby  and  Sandiford,  1922;  Strou.se, 
Wang  and  Dye,  1924;  Grafe,  1933).  In  ordinary  human  obesity,  the 
parallel  increase  in  calculated  body  surface  and  oxygen  consumption  may 
be  a  coincidence  depending  on  the  shape  of  the  human  body  and  the 
respiratory  rate  of  adipo.se  tissues.  In  the  case  of  these  obese  mice,  it  seems 
probable  that  adipose  tis.sue.s  are  unusually  inert,  a  possibility  which  is 
being  tested  using  ma.ss  spectrometric  technique  on  deuterium  turnover. 

Hypothyroidism  is,  of  cour.se,  known  to  depress  basal  metabolism.  The 
extreme  sensitivity  of  the  obese  animals  to  doses  of  thyroxine  which 
leave  non-obese  animals  almo.st  unaffected,  in  spite  of  their  very  much 
smaller  body  weight  might  suggest  hypothyroidism.  The  fact  that  the 
obese  animals  decrease  their  food  intake  when  given  thyroxine  and  seem 
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to  become  able  to  catabolize  their  fat  reserves,  also  seems  to  point  to 
hypof unction  of  the  thyroid.  The  relative  hypercholesteremia  of  obese 
mice  (total  cholesterol  values  of  about  200  mg.  per  cent  as  compared  to 
100  mg.  per  cent  for  the  non-obe.se)  would  be  strongly  suggestive  of 
hypothyroidism  if  it  were  not  for  the  fact  that  concomitant  diabetes, 
complicates  the  interpretation  of  the  finding.  On  the  other  hand,  no  abnor¬ 
mality  was  detected  in  histopathological  examination  of  the  thyroid. 
Postulating  that  the  primary  functional  lesion  is  thyroid  hypofunction 
would  not  explain  the  caloric  overconsumption,  the  obesity,  the  hyper¬ 
glycemia  and  other  attendant  abnormalities.  Hypothyroidism  has  never 
been  found  to  be  associated  with  insulin  resistance;  in  fact  hyperthyroidism 
is  the  condition  often  a.ssociated  with  this  characteristic  (Thorn  and  For- 
sham,  19.50). 

Animals  subjected  to  experimental  lesions  of  certain  parts  of  the 
hypothalamus  develop  obesity  and  show  a  low  basal  metabolic  rate 
(Brobeck,  Tepperman  and  Long,  1948);  on  the  other  hand,  the  bulk  of 
the  evidence  indicates  that  hypothalamic  obesity  is  a.s.sociated  with  hyper¬ 
sensitivity  to  insulin  and  hypoglycemia  (Barris  and  Ingram,  1936;  Davis, 
1934;  Davis,  Cleveland  and  Ingram,  193.5;  Keller,  1939;  Brobeck,  1940).  It 
has  been  shown  already  (Bleisch,  Mayer  and  Dickie,  in  press)  that  certain 
aspects  of  the  syndrome,  such  as  centripetal  obesity,  insulin  resi.stance,  dia¬ 
betes  and  skin  change  recall  certain  a.spects  of  classical  adrenal  hyperac¬ 
tivity  in  the  human.  On  the  other  hand,  other  aspects  of  this  .syndrome 
argue  against  this  possibility.  They  are  the  low  liver  glycogen,  the  extreme 
lability  of  blood  gluco.se,  the  absence  of  any  recognizable  histological 
le.sion  of  the  pituitary  or  adrenals,  the  inability  of  the  obese  animals  to 
.sub.slst  on  a  carbohydrate  free  diet,  even  if  it  includes  a  fair  proportion  of 
protein  (unpublished  observ’ation),  the  extremely  low  basal  metabolism, 
and  the  fact  that  administering  ACTH  to  non-obese  animals  (unpublished 
ob.serv’ation)  does  not  reproduce  “obe.se”  symptoms. 

Because  the  syndrome  is  inherited  as  a  simple  Mendelian  recessive 
trait,  it  most  probably  has  a  single  etiological  cause,  which  in  turn  may 
produce  many  secondary  changes.  The  search  for  this  primary  metabolic 
abnormality  is  being  pursued.* 

SUMMAKY 

A  study  was  conducted  of  the  oxygen  consumption  of  obese  and  non- 

*  “.Since  tlii.s  paper  was  submitted,  the  primary  genetic  lesion  has  been  found  to  be  a 
partial  block  of  oxidation  of  C2-fragments  (Guggenheim  and  Mayer,  J.  Biol.  Chem. 
in  press).  The  mechanism  of  the  etiology  of  the  diabetes  and  other  secondary  symptoms 
has  also  been  elucidated  in  part  (.Mayer,  Russell,  Bates  and  Dickie,  Metabolism,  in 
press).” 
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obese  members  of  tlie  “()l)ob”  strain  mice.  The  ol)ese  members  of  this 
strain  were  sliown  to  present,  in  addition  to  the  insulin-resistant  type 
of  diabetes  and  other  cliaracteristic  symptoms  previously  described,  a 
very  low  rate  of  fasting  oxygen  consumption.  On  a  body  weight  basis, 
their  oxygen  consumption  was  less  than  half  that  of  the  non-obese  animals, 
on  a  body  surface  basis,  their  “basal  metabolic  rate”  was  lower  by  more 
than  40%.  Although  their  average  weight  was  almost  twice  that  of  the 
non-obe.se  animals,  even  the  total  oxygen  consumption  was  somewhat 
(though  not  significantly)  lower  than  that  of  the  non-obe.se. 

When  the  basal  metabolic  rate  of  the  obe.se  animals  was  brought  up  to 
non-obese  levels  by  injections  of  thyroxine,  a  rapid  loss  of  body  weight 
ensued.  The  .same  do.se  given  to  non-obese  animals  (although  greater  in  a 
body  weight  basis)  had  a  much  smaller  effect  on  oxygen  con.sumption  and 
no  effect  on  body  weight.  Implications  of  these  findings  are  discu.s.sed. 
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THE  EFFECT  OF  CORTISONE  AND  CORTICOTROPIN 
ON  THE  BIOLOGIC  DECAY  OF  THYROIDAL 
RADIOIODINE 

A.  ALBERT,  ALIDA  TENNEY  (Technical  Assistant)  and 
ELIZABETH  FORD  (Technical  Assistant) 

From  the  Endocrinology  Laboratory,  Section  of  Physiology,  Mayo  Foundation, 
University  of  Minnesota  and  Mayo  Clinic,  Rochester,  Minnesota 

SEVERAL  recent  studies  liave  been  interpreted  as  showing  that 
cortisone  and  corticotropin  induce  hypothyroidism  by  suppressing  the 
secretion  of  thyrotropin  by  the  pituitary  (Hill  et  al.,  1950;  Frederickson, 
1951).  The  evidence  for  this  conclusion  has  been  reviewed  in  detail  else¬ 
where  (Albert,  1952).  Part  of  this  evidence  is  the  observation  that  P®‘ 
uptake  by  the  thyroid  in  both  animals  and  man  is  diminished  during 
administration  of  either  corticotropin  or  cortisone.  If  thyroid  function  is 
defined  in  terms  of  the  accumulation  of  P®‘  over  a  given  interval  (a  poor 
definition),  then  it  could  be  said  that  both  cortisone  and  corticotropin 
reduce  thyroid  function.  However,  it  would  not  necessarily  follow  that 
such  a  depression  of  thyroid  function  resulted  from  suppression  of  thy¬ 
rotropin,  since  there  are  many  possible  explanations  for  the  reduction  of 
P®*  accumulation  apart  from  any  alteration  in  the  secretion  of  thyrotropin. 

In  evaluating  studies  with  P®‘  the  definition  of  “thyroid  function” 
becomes  of  paramount  importance.  Thyroid  function  is  perhaps  best 
defined  in  terms  of  the  amount  of  hormone  secreted  by  the  gland  per  unit 
of  time.  A  direct  and  absolute  measurement  of  hormonal  secretion  rate, 
therefore,  would  be  more  precise  than  P®‘  uptake,  but  this  is  technically 
not  feasil)le  at  present.  An  indirect  measure  of  secretion  rate  is  available 
[determination  of  the  biologic  decay  of  thyroidal  P®‘  (Albert,  1951)]  and 
may  provide  more  reliable  and  unambiguous  information  about  thyroid 
function  than  the  measurement  of  P®'  accumulation.  It  was  of  interest, 
therefore,  to  ascertain  whether  cortisone  and  corticotropin  w'ould  affect 
the  biologic  decay  of  thyroidal  P®*.  After  this  work  had  been  completed, 
a  similar  study  was  published  by  Perry  (1951),  whose  results  are  confirmed 
by  our  data.  Because  of  the  controversial  nature  of  this  subject  and  because 
our  technic  differs  in  several  major  respects  from  that  of  Perry,  it  was 
thought  worth  while  to  present  our  data  briefly. 

Received  for  publication  November  19,  19.51. 
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MATERIAL  AND  METHODS 

Fifty  weanliiiK  male  rats  (SpiaKue-Da\vle\')  maintoined  on  an  iodine-deficient  diet 
for  two  weeks  were  employed  in  two  experiments.  In  the  first  experiment  25  rats  were 
divided  into  three  groups;  one  group  remained  as  a  control  group,  another  group  re¬ 
ceived  2  i.u.  corticotropin  per  day  for  five  days,  and  the  third  group  received  2  mg. 
cortisone  per  day  for  five  days.  On  the  sixth  day,  2  microcuries  of  carrier-free  were 
injected  subcutaneously  into  all  rats  and  in  vivo  measurements  over  the  thyroid  were 
made  at  two,  four,  six  and  twenty-four  hours,  and  thereafter  daily  for  fourteen  days. 
The  injections  of  corticotropin  and  cortisone  were  continued  throughout  the  entire  period 
of  observation.  The  determinations  for  the  twent\  -four-hour  uptake  of  I'^'  (Randall  and 
.Albert,  1951)  and  for  the  secretion  rate  (Albert,  1951)  have  been  described. 

In  the  second  experiment,  all  25  animals  were  injected  with  2  microcuries  I'**  and  a 
count  for  each  animal  was  made  forty-eight  hours  later.  They  were  then  segregated 
into  three  groups  as  de.scribed  in  the  preceding  paragraph,  one  maintained  as  control, 
and  the  other  two  groups  injected  with  cortisone  and  corticotropin  as  outlined.  Daily 
readings  were  taken  for  a  periotl  of  two  weeks.  The  jjurpose  of  this  variation  in  experi¬ 
mental  design  will  be  given  later. 


RESULTS 

The  re.sults  for  the  two  experiments  are  }?iven  in  Table  1,  which  shows 
tliat  no  significant  effect  has  been  induced  in  the  secretion  rate  either  by 

T.\bi.e  1.  Kfkect  of  <'0RTIC0TR0PI.\  ,\xd  cortisoxe  on  the 

BIOI.OGIC  DECAY  OF  THYROIDAl.  RADIOIODIXE 

Kxi)crimcnt  1  Experiment  2 


.Vnimals 

Secretion  rate 

.\nimals 

Secretion  rate 

Mean 

Sem.*  1 

“t” 

Mean 

Sem.*  ; 

“t” 

Controls 

1  8 

0 .  ()0 

8 

9.51 

0.71 

(^)rticotropin 

'  8 

il.H) 

0.82 

2.19 

8 

7.32 

0.58 

1  .93 

Cortisono 

,  7 

:  8.2(i 

0.  Iti 

1  .72 

t) 

:  7.87 

1.29 

1.29 

*  Standard  error  of  mean. 


cortisone  or  by  corticotropin.  The  uptake  of  the  tracer  dose  at  twenty- 
four  hours  was,  however,  depressed  by  both  sultstances.  Cortisone  lowered 
the  uptake  to  an  average  of  42  per  cent,  and  corticotropin  to  62  per  cent 
of  the  controls. 

The  second  experiment,  in  which  cortisone  and  corticotropin  were 
administered  after  the  thyroids  were  labeled  with  P*h  was  done  in  view 
of  the  diminished  uptake,  which  presumably  could  signify  diminished 
uptake.  Were  this  the  case,  then  the  thyroids  of  the  experimental 
rats  after  a  w^eek’s  treatment  with  cortisone  and  corticotropin  might  have 
less  total  P’^^  than  the  controls.  With  less  total  thyroidal  P^h  ^  secretion 
rate  equal  to  that  of  control  animals  could  mean  that  the  cortisone- 
treated  and  corticotropin-treated  animals  actually  secreted  le.ss  hormone 
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ill  absolute  terms  than  the  controls  with  a  higlier  thyroidal  That  this 
is  probably  not  the  case  is  indicated  by  the  result  that  the  secretion  rates 
in  the  experimental  groups  were  not  affected  whether  the  animals  were 
treated  before  or  after  their  thyroids  were  labeled  with  P**. 

DISCUSSION 

That  cortisone  and  corticotropin  reduced  the  twenty-four-hour  uptake 
of  P’*  is  in  accord  with  most  (Perry,  1951 ;  Money  et  al.,  1950,  1951 ;  Soffer 
et  al.,  1951),  but  not  all  (Botkin  and  Jensen,  1951),  investigators.  Such  a 
depression  might  result  from  inhibition  of  thyrotropin.  It  could  also  result 
from  an  increased  renal  clearance  of  iodide,  from  a  direct  iidubitory  action 
on  the  permeability  of  the  thyroid  cells  or  on  any  of  the  mechanisms 
necessary  for  the  .selective  accumulation  of  iodide  by  the  thyroid  cells, 
from  an  increa.se  in  iodide  space,  or  from  other  factors.  Which  of  these 
or  other  possibilities  is  involved  remains  for  further  .study,  but  at  least 
one  mechanism  (inhibition  of  thyrotropin)  seems  to  be  ruled  out;  In  the 
absence  (Randall,  Lorenz  and  Albert,  1951)  or  the  inhibition  (Albert  and 
Tenney,  1951)  of  thyrotropin  both  the  uptake  and  discharge  of  P*‘  are 
markedly  lowered.  If  corti.sone  and  corticotropin  inhibited  thyrotropin, 
it  is  difficult  to  imagine  how  the  uptake  could  be  depressed  while  the 
secretion  rate  was  unaffected. 


SUMMARY 

('orticotropin  and  cortisone,  while  lowering  the  twenty-four-hour 
accumulation  of  P^*,  did  not  affect  the  discharge  of  thyroidal  P"”. 
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THE  EF1T:(T  of  hypophysfxtomy  ox  the 
RENAL  ('LEARAXXl^:  OF  P’^ 


A.  ALBERT,  ALIDA  TENNEY  (Technical  Assistant) 

AM)  NONA  LORENZ  (Technical  Assistant) 

From  the  Endocrinol ogi/  Lnhorntory,  Section  of  Physiology,  Mayo  Foundation, 
I'niversity  of  Minnesota  and  Mayo  Clinic,  Rochester,  Minnesota 

The  amount  of  P'’‘  collected  by  the  thyroid  is  proportional  to  the 
concentration  of  P^‘  in  the  blood.  Hence,  if  thyroid  function  remains 
at  a  constant  level,  the  amount  of  P'**  accumulated  by  the  thyroid  will  be 
determined  in  part  by  factors  which  may  influence  its  concentration  in 
the  blood.  Such  factors  would  include  ability  of  the  kidnc'ys  to  excrete 
iodide,  changes  in  blood  volume,  extracellular  fluid  volume  or  other  altera¬ 
tions  of  the  iodide  space. 

The  thyroid  of  the  hypophysectomized  rat  collects  about  one  eighth  as 
much  radioiodine  as  does  that  of  the  normal  animal  (Randall  and  Albert, 
1951).  It  is  assumed  that  this  depression  denotes  a  diminution  of  thyroid 
function  resulting  from  the  loss  of  thyrotropin.  However,  it  is  conceivable 
that  the  lowered  accumulation  of  P*'  could  be  due  to  some  extrathyroidal 
mechanism.  Because  of  the  marked  polyuria  which  occurs  during  the 
first  few  days  following  hypophysectomy,  it  was  thought  worth  while  to 
determine  the  effect  of  hypophysectomy  on  the  renal  clearance  of  I'-''. 

MATKUIAL  AM)  MKTHODS 

Male  rats  (Wistar  strain)  maintained  on  a  laboratory  diet  of  Purina  fox  chow  were 
einploye<l.  Tests  with  radioiodine  were  performed  five  days  after  hyi)ophysectomy 
(Randall  and  Albert,  1951).  For  the  determination  of  renal  clearance,  10  microcuries  of 
I”'  containefl  in  a  small  volume  (().l-().3  cc.)  were  injected  into  the  external  jugular 
vein.  Preliminary  studies  to  establish  the  character  of  the  disai)pearance  of  P’’  from  the 
blood  indicated  that  a  diphasic  curve  was  present.  A  sharp  drop  in  blood  P'"  occurred 
within  one  hour,  followed  bj-  a  slower  second  i)hase  extending'  throughout  the  next 
twenty-four  to  forty-einht  hours,  ('onsecpienth',  the  first  blood  sami)le  was  obtained 
one  hour  after  injection  by  withdrawing  0.1  cc.  of  blood  from  the  oppo.site  external 
jugular  vein.  The  time  was  noted,  ami  the  blood  sam|)le  was  delivered  to  a  glass  tube 
of  83  cc.  capacity  esjjecially  designed  for  a  gamma  ray  counter  (.Johnson  and  Albert, 
1951).  A  drop  of  3%  sodium  hydroxide  was  added,  and  the  tube  was  made  uj)  to  mark 
with  distilled  water.  The  animals  were  then  placed  in  individual  glass  vessels,  the  bottom 
of  which  was  covered  with  a  sheet  of  filtei'  paper  moistened  with  a  solution  of  1% 
sodium  iodide  and  1%  sodium  hydroxide.  Urine  was  absorbed  on  the  filter  paper,  being 
separated  from  feces  by  a  wire  .screen.  Water  was  allowe<l  ad  libitum,  but  food  was 
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withdrawn  during  the  period  of  time  necessary  to  determine  the  renal  clearance.  Approxi¬ 
mately  at  either  five  or  twenty-four  hours  after  the  first  blood  samj)le,  another  blood 
sample  was  similarly  obtained,  the  time  being  recorded.  At  this  time,  the  rats  were 
anesthetized  and  the  bladder  was  cleared  of  residual  urine,  which  was  added  to  the  filter 
paper.  The  filter  paper  was  rolled  up  and  placed  in  a  glass  tube.  The  glass  ves.sel  was 
washed  with  a  small  amount  of  1%  sodium  iodide  and  1%  sodium  hydroxide  solution, 
and  the  washings  were  added  to  the  tube  containing  the  filter  paper.  The  amount  of 
I'”  in  the  blood  samples  and  in  the  urine  was  then  simultaneously  determined  (Johnson 
and  Albert,  1951).  The  renal  clearance  of  I'*'  was  calculated  by  the  conventional  formula, 
VV/B,  where  UV  is  the  urinary  counts  per  minute  and  B  is  the  mean  blood  concentra¬ 
tion.  The  mean  blood  concentration  is  given  by: 

(A^  5)  X  0.434 
log  A  —  log  B 

where  A  is  the  number  of  counts  per  cubic  centimeter  of  the  first  sample  of  blood,  and 
B  the  counts  of  the  second  sample  of  blood. 

RESULTS 

The  results  are  shown  in  Table  1.  Renal  clearances  were  determined 
both  five  and  twenty-four  hours  after  administration  of  I*®’,  the  latter  to 


Table  1.  Rexai.  clearance  of  1'*'  (cc.  XIO’  per  min.)  in  rats 

AFTER  VARIOUS  EXPERIMENTAL  PROCEDURES 


Conditions 

Animals  I 

Mean  1 

Sein.* 

Normal  (5  hr.) 

27 

20. 91  i 

3 

.97 

Hypophyseetomized  (5  hr.) 

30 

0.73 

1 

.08 

Normal  (24  hr.) 

10 

30.33 

3 

.40 

Hypophyseetomized  (24  hr.) 

'  It)  1 

4.43 

0 

.92 

Thvroidectoinized  (5  hr.) 

14 

25.14 

4 

.29 

,\drenaleetomized  (5  hr.) 

5 

40.30 

8 

.43 

*  Standard  error  of  mean. 


insure  a  more  accurate  value.  In  spite  of  the  high  variation  from  animal  to 
animal,  reflected  in  the  large  standard  error  of  the  mean,  it  appears  that 
hypophy.sectomy  depressed  the  renal  clearance  of  I’®'  to  from  one  fourth 
to  one  ninth  that  of  normal  animals.  These  differences  are  highly  .signifi¬ 
cant,  “t”  values  being  4.9  and  9.8  for  the  five-hour  and  twenty-four-hour 
determinations,  respectively.  A  number  of  determinations  were  performed 
on  rats  thyroidectomized  or  adrenalectomized  five  days  previously.  The 
renal  clearance  of  iodide  was  not  seriously  affected,  as  compared  with 
controls  (“t”=0.3  and  2.0  respectively).  Consequently,  the  depression  of 
renal  iodide  clearance  resulting  from  hypophysectomy  probably  cannot  be 
ascribed  to  changes  induced  in  thyroid  or  adrenal  function  by  hypophy¬ 
sectomy. 
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Table  2.  Renal  clearanc  e  ok  I*’*  (cc.  X 10’  per  min.)  in  hypophypectomizei)  rats  before 

AND  AFTER  INJECTIONS  OF  PITITTARY  SI  SPENSIONS 


Before* 

After 

9.09 

5 . 78 

9.92 

57.42 

9.59 

08 . 7  5 

2.43 

13.98 

3.30 

17.30 

0.91 

2.10 

0.82 

13.00 

3.00 

22.10 

13.00 

12.40 

1 .1)0 

15.00 

*  The  first  4  animals  had  clearance  values  determined  over  a  period  of  five  hours;  the 
last  fi,  over  a  period  of  twenty-four  hours. 


A  few  experiments  were  performed  to  determine  whetlier  the  normal 
value  for  the  renal  clearance  could  be  restored  in  hypophysectomized 
animals.  After  clearances  were  measured  in  hypophysectomized  rats, 
each  animal  was  injected  subcutaneously  with  a  suspension  of  rat  pituitar- 
ies,  equivalent  to  one  pituitary  daily  for  three  days.  Clearance  of  iodide 
was  then  redetermined  (Table  2).  The  average  difference  in  clearance 
values  was  17.49±G.4().  Analysis  of  the  paired  data  gave  a  “t”  value  of 
2.71,  corresponding  to  a  P  2  value  of  between  0.01  and  0.02. 

DISCUSSION 

A  depre.ssion  of  radioiodide  clearance  in  hypophysectomized  animals 
would  indicate  that  changes  in  renal  excretion  do  not  contriVmte  to  the 
depres.sion  of  thyroidal  collection  of  iodine  following  hypophy.sectomy. 
On  the  contrary,  the  hypophysectomized  rat  has  a  greater  opportunity  to 
collect  iodine  owing  to  the  concomitantly  lowered  renal  clearance.  Further¬ 
more,  the  concentration  of  P®*  in  blood  and  tissues  of  the  hypophysecto¬ 
mized  animal  should  be  higher  than  that  of  normal  animals  over  a  com¬ 
parable  period. 

An  indication  of  the  correctness  of  this  view  was  obtained  by  ob.serving 

Table  3.  Mean  I'”  content  (per  cent  of  do.se)  of  body  and  excretions  of 
15  normal  and  10  HYPOPHYSECTOMIZED  RATS 


Time  iiftor  iujpctioii,  hr. 


0  1 

7  l 

24 

48 

72 

Total  body  I”‘ 

Norma) 

100 

72  ' 

27 

1 1 

7 

Hypophysectomized 

100  : 

82 

04 

44 

23 

Urinary  and  fecal  I'” 

Normal 

0 

:  25 

09 

80 

92 

Hypophysectomized 

0 

9 

31 

1  53 

71 
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the  heliavior  of  in  15  normal  and  in  10  hypophysectomized  rats  of  the 
Sprague-Dawley  strain  maintained  for  one  week  on  an  iodine-deficient 
diet.  Under  these  conditions  about  10  per  cent  of  the  dose  is  usually 
collected  in  the  thyroid  of  the  normal  animal  and  not  mere  than  1  or  2 
per  cent  in  the  thyroid  of  the  hypophy.sectomized  animal.  Immediately 
after  intravenous  injection  of  1  microcurie  of  the  entire  rat  was  placed 
in  the  glass  tube  and  a  count  was  obtained.  This  count  represented  100 
per  cent  of  the  dose.  The  rats  were  then  placed  in  individual  cages.  At 
various  intervals,  a  count  of  the  entire  rat  was  again  made  and  the 
of  both  urine  and  feces  was  determined.  These  results  are  shown  in  Table 
3,  which  giv'es  the  U**  of  the  entire  rat  for  both  normal  and  hypophysec- 
tomized  rats;  and  accumulatively,  the  appearing  in  the  urine  and 
feces.  It  appears  that  the  disappearance  of  U®*  from  the  normal  animals 
is  more  rapid  than  that  from  the  hypophysectomized  animal,  and  that  the 
fecal  and  urinary  excretion  of  P**  is  greater  in  normal  than  in  hypophy.secto- 
mized  rats.  In  spite  of  the  greater  availability  of  throughout  this  three- 
day  interval  in  the  hypophysectomized  animal,  the  thyroid  of  the  rormal 
rat  collects  .some  three  to  eight  times  more  radioiodine  than  that  of  the 
hypophysectomized  animal. 

That  the  pituitary  may  influence  the  renal  excretion  of  electrolytes 
like  iodide  is  indicated  by  the  few  experiments  with  pituitary  injections 
shown  in  Table  2.  However,  more  intensive  experiments  are  nece.ssary  to 
establish  this  with  certainty,  to  determine  which  of  the  pituitary  hormones, 
if  any,  is  responsible  for  such  an  action,  and  to  ascertain  whether  this 
renal  defect  observable  in  the  first  week  after  operation  is  adjusted  later 
on. 

SUMMAUY 

The  renal  clearance  of  radioiodine  is  markedly  depre.s.sed  five  days  after 
hypophy.sectomy. 
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THE  MAIXTEXAX(’E  OF  THE  ADREXALE(T()MIZED 
1)0(1  FOR  PROLOXGED  PERIODS  WITHOUT 
RE( TORSE  TO  HORMOXAL  THERAPY* 

ARTHUR  GROLLMAN 

From  llie  Dc pnrlment  of  Experimental  Medicine,  The  Southwestern  Medical  School 
of  The  I'niversity  of  Texas,  Dallas,  Texas 

The  study  of  many  problems  concerning  tlie  role  of  the  adrenal 
cortex  in  the  animal  economy  involv'es  the  maintenance  of  adrenalec- 
tomized  animals  without  recourse  to  hormonal  therapy.  Fcr  such  purposes 
the  rat  maintained  on  a  high  salt  intake  has  been  widely  used,  but  in 
many  cases,  the  dog  is  a  much  more  suitable  subject  for  investigation. 
Several  investigators  (Harrop,  Soffer,  Nicholson  and  Strau.ss,  1935; 
.\llers  and  Kendall,  1937;  Xilson,  1937;  Gleghorn,  .\rmstrong  and  Austen, 
1939)  have  reported  the  maintenance  of  adrenalectomized  dogs  on  a  high 
sodium,  low  potassium  diet  after  a  preliminary  period  on  hormonal 
therapy  during  the  immediate  post-operative  period.  However,  this  proce¬ 
dure  which  involves  the  forced-feeding  of  a  specially  prepared  diet,  is 
difficult  to  apply,  and  fails  to  maintain  the  animal  in  a  uniform  condition. 

The  successful  application  of  intermittent  peritoneal  lavage  for  main¬ 
taining  the  bilaterally  nephrectomized  dog  for  prolonged  periods  (Groll- 
man.  Turner,  and  McLean,  1951)  .suggested  the  use  of  this  method  for 
maintaining  a  normal  .salt  and  water  balance  in  the  adrenalectomized 
animal.  The  procedure  has  proven  adecpiate  for  maintaining  the  bilaterally 
adrenalectomized  dog  in  good  condition  for  periods  exceeding  a  month 
without  recourse  at  any  time  to  the  use  of  any  hormonal  therapy.  In  fact, 
it  has  proven  superior  in  this  respect  to  the  u.se  of  desoxycorticosterone 
as  a  .substitution  therapy  and  offers  a  technicpie  whereby  many  problem.s 
such  as  the  pathological  changes  in  the  tissues,  electrolyte  disturbances, 
etc.  induced  by  adrenalectomy  can  be  studied  in  a  manner  previously 
not  possible. 


MATERIAL  AM)  METHODS 

Adult  inoiigrel  <logs  of  either  sex  were  adrenalectoinize<l  l)y  the  procedure  outlined 
previously  ((Irollnian,  1936).  The  right  gland  was  removed  at  the  first  operation  under 
pentobarbital  anesthesia;  the  left,  after  an  interval  of  1  to  2  weeks,  with  ether  as  the 
anesthetic.  No  special  i)re-operative  preparations,  such  as  deworming,  were  employed 
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nor  were  any  hormonal  preparations  or  special  diets  used  at  any  time  pre-  or  post- 
operatively.  The  diet  consisted  of  commercially  available  canned  “horse  meat.” 

Following  operation,  a  solution  having  the  following  composition  was  introduced 
through  a  No.  18  long  hypodermic  needle  into  the  peritoneal  cavity: 


Sodium  chloride 
Sodium  bicarbonate 
Sodium  lactate 
Potassium  chloride 
Calcium  chloride 
Magnesium  chloride 
Glucose 
Penicillin 
Terramycin 


5.671  gms. 
2.101  gms. 
3.137  gms. 
0.336  gms. 
0.222  gms. 
0.071  gms. 
1 .000  gms. 
100,000  units 
25  mgs. 


Pyrogen-free  distilled  water,  sufficient  to  make  1  liter 


This  solution  was  prepared  by  adding  the  indicated  amounts  of  the  three  sodium 
salts  and  the  penicillin  to  triple-distilled  water  which  was  then  preserved  in  the  refrig¬ 
erator.  To  prevent  precipitation  of  carbonate,  the  other  salts,  glucose  and  terramycin 
were  added,  after  warming  the  solution  to  body  temperature,  just  prior  to  its  injection. 

The  solution  just  described  contains  the  following  ionic  constituents:  sodium,  150; 
bicarbonate,  25;  chloride,  107;  potassium,  4.5;  calcium,  4.0;  and  magnesium,  1.5  meqs. 
per  liter,  which  is  essentially  the  concentration  in  which  these  ions  are  pre.sent  in  an 
ultrafiltrate  of  blood  plasma. 

About  50  cc.  of  the  above-described  solution  per  kilogram  of  body  weight  was  used 
on  the  first  day,  but  this  was  gradually  increased  to  100  cc.  by  the  fifth  post-operative 
day  when  healing  of  the  operative  site  had  occurred.  For  optimal  conditions  the  fluid 
remaining  in  the  peritoneal  cavity  is  removed  through  a  needle,  as  in  the  previously 
described  method  for  peritoneal  lavage  (Grollman,  Turner  and  McLean,  1950),  after 
8  to  12  hours  and  replaced  with  new  solution.  This  procedure  performed  twice  daily 
permits  the  attainment  of  relatively  normal  blood  electrolyte  levels.  However,  it  is 
only  necessary  to  introduce  the  peritoneal  fluid  once  daily  for  maintaining  the  animals 
in  good  condition  for  extended  periods.  The  amount  of  fluid  remaining  in  the  peritoneal 
cavity  after  24  hours  under  these  conditions  is  minimal  and  need  not  be  withdrawn. 

Blood  pressures  were  determined  by  puncture  of  the  femoral  artery  as  described 
elsewhere  (Grollman,  1946);  blood  analysis,  by  the  procedures  used  in  other  studies 
from  this  laboratory  (Grollman,  Muirhead  and  Vanatta,  1948;  Grollman,  Turner  and 
McLean,  1950). 

As  controlled  procedures  for  the  maintenance  of  the  adrenalectomized  dog  we  have 
utilized  desoxj^corticosterone,  which  has  been  most  commonly  used  as  a  maintenance 
therapy;  cortissone;  and  a  combination  of  the  two  drugs  which  in  clinical  experience 
has  proved  most  practical  as  a  substitution  therapy  in  adrenal  cortical  insufficiency. 


OBSERVATIONS 

In  Table  1  are  shown  the  survival  periods  and  other  pertinent  data 
on  10  dogs  receiving  one  intraperitoneal  injection  daily.  These  experiments 
were  performed  during  the  summer  months  (May  to  September)  when 
the  environmental  temperature  varied  between  27  and  40°  C.  Control 
untreated  animals  under  these  conditions  survive  on  an  average  for  only 
1  to  3  days  and  even  under  most  favorable  conditions  the  adrenalectomized 
untreated  dog  survives  rarely  for  longer  than  a  week  (Grollman,  1936). 


March,  l!)a2  MAINTENAXC’K  OF  ADRENALECTOMIZKI)  DOG 


333 


As  noted  in  the  last  column  of  Table  1,  a  single  daily  injection  suffices  to 
maintain  a  sufficiently  normal  water  and  electrolyte  balance  to  permit 
survival  of  the  dog  for  prolonged  periods  after  adrenalectomy  without 
recourse  to  hormonal  therapy.  The  animals  maintained  in  this  manner 
appeared  relatively  normal  on  superficial  examination.  The  operative 
wounds  healed  promptly  and  the  animals’  appetite  and  general  condition 
were  excellent  except  that  they  were  less  active  than  the  normal  dog  or 
one  maintained  on  hormonal  (aqueous  extract)  therapy. 


Table  1.  Period  ok  isi  rvivai,  and  other  pertinent  data  on  10  bilaterally 

ADRENALEI'TOMIZED  DOC.S  INJECTED  INTRAPERITONEALLY  ONCE  DAILY 


Dofr  no. 

Hotly 

.\v('ragc“ 
pul  so 
rate 

.\v(‘rag(‘ 
mean  blood  ! 
jircssurp 

Survival 

Initially 

TcMninally 

1 

kgs. 

0.1 

kgs. 

8.8 

pur  mill 

93 

min.  Ilg 

07 

(lavs 

35* 

2 

8.0 

7.0 

100 

112 

22 

3 

8.4 

8.0 

00 

95 

25* 

4 

8.2 

7.0 

00 

1 12 

20 

5 

0.3 

0.0 

84 

102 

35* 

(> 

0.8 

0.0 

04 

04 

34* 

7 

7.3 

7.1 

02 

78 

,  35 

8 

().0 

0.1 

100 

84 

35 

tt 

4.,') 

4.3 

08 

87 

1  45* 

10 

5.0 

4.0 

05 

00 

47 

*  Silcrificeif. 


The  paralysis  of  the  extremities  and  hind  leg  weakne.ss  so  characteristic 
of  the  untreated  adrenalectomized  dog  was  not  observed  in  our  animals 
and  is  also  apparently  induced  by  salt  deficiency  since  a  similar  condition 
is  seen  in  animals  depleted  of  sodium  and  water  by  administration  of  a 
salt-free  diet  and  treated  with  theobromine  sodium  salicylate  (CJriinwald, 
1909). 

The  mean  arterial  blood  pre.ssure  and  pulse  rates  as  noted  in  Table  1  are 
not  greatly  altered  from  the  normal,  the  blood  pressure  being  only  about 
10  mms.  le.ss  than  that  observed  in  the  well-trained  resting  dog.  The 
hypotension  characteristic  of  cortical  insufficiency  is  thus  also  due  to 
loss  of  extracellular  fluid  volume  secondary  to  sodium  depletion.  The 
relatively  slight  loss  of  body  weight  observed  and  the  absence  of  anorexia 
also  indicate  that  these  are  .secondary  to  sodium  depletion. 

The  general  impression  derived  from  the  literature  would  indicate  that 
de.soxycorticosterone  alone  is  a  satisfactory  replacement  therapy  in  the 
adrenalectomized  dog;  this  has  not  l)een  the  universal  experience  and  the 
use  of  this  substance  alone  has  proved  to  be  iiuulequate  unless  very  special 
precautions  are  taken  to  avoid  undue  stresses.  Under  the  conditions  of 
the  present  experiments,  it  was  not  possible  to  maintain  the  adrenalecto- 
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mized  dog  on  desoxycorticosterone  therapy  (0.5  nigin.  per  kilo  daily) 
for  periods  beyond  12  days,  most  of  the  animals  succumbing  .during  the 
first  week  post-operatively.  The  use  of  a  single  daily  intraperitoneal  injec¬ 
tion  was,  accordingly,  under  the  conditions  of  our  experiments  superior 
to  the  use  of  desoxycorticosterone  as  a  means  of  maintaining  the  adrenalec- 
tomized  dog. 

In  view  of  the  clinical  observation  of  the  effectiveness  of  cortisone  and  of 
a  combination  of  cortisone  and  desoxycorticosterone  as  a  replacement 
therapy  in  Addison’s  disease,  the  capacity  of  these  drugs  to  maintain  the 


Table  2.  Hlood  rHEMicAL  vah  es  in  kastinc;  Ai>KE\ALErTOMizEi)  imxis 
MAINTAINED  BY  TWO  INTRA-PERITONEAL  INJECTIONS  DAILY 
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25 

35 

82 

18 
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23 

adrenalectomized  dog  was  also  determined.  Cortisone,  alone,  in  doses  of 
0.5  mgm.  per  kilo  of  body  weight,  proved  inadeciuate  as  a  replacement 
therapy,  the  animals  manifesting  signs  of  adrenal  cortical  insufficiency 
(weakness,  anorexia,  and  diarrhea)  and  succumbing  in  7  to  14  days  follow¬ 
ing  adrenalectomy.  On  the  other  hand,  a  combination  of  desoxycorticoster¬ 
one  (in  doses  of  0.1  mgm.  per  kilo)  and  cortisone  (0.5  mgm.  per  kilo) 
adequately  maintained  the  animals  in  good  condition. 

The  effectiveness  of  peritoneal  injections  and  of  a  combination  of 
desoxycorticosterone  and  cortisone  therapy  in  maintaining  the  water  and 
electrolyte  balance  is  shown  in  Tables  2  and  3  in  which  typical  data  on  the 
sodium,  potassium,  chloride,  non-protein-nitrogen,  carbon  dioxide  com¬ 
bining-power  and  glucose  contents  of  the  blood  are  recorded.  A  single 
daily  intraperitoneal  injection  resulted  in  lower  values  for  sodium,  and 
higher  values  for  potassium  and  non-protein-nitrogen  than  those  shown 
in  Table  2.  However,  even  with  two  daily  injections,  as  shown  previously 
(Turner  and  Grollman,  1951),  and  as  is  seen  in  Table  2,  there  is  a  tendency 
for  the  sodium  to  be  lower  than  normal  and  for  the  potassium  at  times  to 
be  higher  than  normal.  Apparently,  absorption  from  the  reservoir  in  the 
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peritoneal  cavity,  does  not  keep  pace  with  the  accelerated  loss  of  sodium 
through  the  kidney. 

The  fasting  glucose  levels  of  the  adrenalectomized  dog  maintained  by 
intra peritoneal  injections,  as  seen  in  Table  2,  are  frecpiently  lower  than 
normal.  This  is  contrary  to  the  results  obtained  in  acute  adrenal  cortical 
insufficiency  where,  as  shown  by  Parkins,  Hays,  and  Swingle  (1986), 
there  is  no  tendency  for  hypoglycemia  to  occur.  The  prolonged  depriva¬ 
tion  of  hormone  as  in  the  experiments  of  Table  2  apparently  results  in 
metabolic  alterations  which  are  not  observed  in  more  acute  experiments. 


TaBI.K  3.  in.OOl)  CUKMICAI.  VAl.l  ES  IN  AI)REXAI.E(TOMIZEI)  DOGS  MAINTAINED  ON  COKTISONE 
AND  DESOXYCORTICOSTERONE  THERAPY 
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As  shown  in  Table  8,  the  daily  administration  of  a  combination  of 
cortisone  and  desoxycorticosterone,  results  in  blood  chemical  values  which 
are  comparable  to  those  attained  by  intraperitoneal  injections  except  for 
more  normal  glucose  levels,  lower  levels  of  pota.ssium,  and  higher  levels 
of  chloride. 

DISCUSSION 

It  is  generally  known  that  any  procedure  which  tends  to  correct  the 
hyponatremia,  hyperpotassemia  and  dehydration  characteristic  of  adrenal 
cortical  insufficiency  will  prolong  the  life  and  mitigate  many  of  the  symp¬ 
toms  induced  by  this  condition.  The  procedure  described  in  the  present 
paper  offers  a  relatively  simple  method  whereby  the  defect  in  salt  and 
water  metabolism  which  results  from  adrenalectomy  is  so  well  corrected 
that  the  animals  survive  for  prolonged  periods  and  even  tolerate  the 
severe  strain  of  anesthesia  and  abnormal  environmental  conditions  with¬ 
out  the  use  of  hormone.  It  must  be  concluded  that  the  loss  of  salt  and 
water  which  follows  adrenalectomy  is  the  critical  factor  which  in  the  dog 
results  in  the  characteristic  .symptoms  observed  following  this  operation. 
The  marked  hypotension  and  circulatory  insufficiency  secondary  to 
sodium  depletion  is  apparently  responsible  for  most  of  the  acute  symptoms 
of  adrenal  cortical  insufficiency  including  the  hind-leg  weakness,  anorexia, 
and  vomiting.  Loss  of  the  hormone  results,  however,  in  the  chronic  affects 


I 


336 


CIROLLMAN 


Volume  -iO 


of  adrenal  cortical  insufficiency  and  although  prevention  of  salt  depletion 
permits  prolonged  survival,  it  will  not  permit  “indefinite”  survival  as 
I  claimed  by  earlier  workers.  Following  the  first  demonstration  of  the 

beneficent  effects  of  salt  administration  in  Addison’s  disease,  it  was 
claimed  that  maintenance  of  a  normal  salt  and  water  metabolism  alone 
would  suffice  to  maintain  life  in  the  face  of  adrenocortical  insufficiency. 
Clinical  experience  soon  demonstrated  the  inadequacy  of  such  therapy. 

The  procedure  outlined  offers  a  method  for  studying  the  factors  involved 
in  adrenal  cortical  insufficiency  uncomplicated  by  abnormalities  in  salt 
and  water  metabolism.  The  changes  induced  by  this  hormonal  deficiency 
as  observed  by  histological  and  analytical  studies  of  the  tissues  will  be 
the  subject  of  future  reports.  The  intraperitoneal  route  of  administration 
as  described  may  also  be  used  with  advantage  in  patients  suffering  from 
Addison’s  disease  in  crisis  or  in  other  conditions  in  which  depletion  of  the 
extra-cellular-fluid  requires  correction. 

SUMMARY 

A  procedure  is  described  for  maintaining  the  bilaterally  adrenalecto- 
mized  dog  alive  in  good  condition  for  prolonged  periods  without  recourse 
to  the  use  of  hormones  or  special  diets  pre-  or  post -operatively.  The  method 
consists  of  injecting  intraperitoneally  once  or  twice  daily  a  solution  con¬ 
taining  the  inorganic  constituents  of  the  blood  in  the  concentration  in 
which  they  are  normally  present  in  plasma.  By  this  simple  procedure  the 
water  and  electrolyte  pattern  of  the  blood  is  maintained  relatively  normal 
thus  preventing  the  appearance  of  those  symptoms  of  acute  adrenal  corti¬ 
cal  insufficiency  which  are  secondary  to  sodium  depletion  and  oligemia. 
The  use  of  desoxycorticosterone,  cortisone,  and  a  combination  of  these 
two  drugs  as  replacement  therapy  in  the  adrenalectomized  dog  were  also 
studied. 
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HISTOCHEMICAL  DEMONSTRATION  OF  KETO- 
STEROIDS  IN  ADRENAL  CmTICAL  TUMORS 
WITH  OR  WITHOUT  AN  ASSOCIATED 
CUSHING’S  SYNDROME^ 

ARNOLD  M.  SELIGMAN  and  RIVKA  ASHBEI/ 

From  the  Yamins  Laboratory  for  Surgical  Research,  Beth  Israel  Hospital,  Boston, 
and  the  Department  of  Surgery,  Harvard  Medical  School 

A  HISTOCHEMICAL  metliod  for  demonstrating  carbonyl  groups  in 
frozen  sections  of  formalin-fixed  tissue  by  the  formation  of  a  blue 
azo  dye  in  reactive  sites  has  been  described  (Seligman  and  Ashbel,  1949; 
Ashbel  and  Seligman,  1949,  and  Seligman,  Friedman  and  Herz  1949). 
This  method  also  demonstrates  carbonyl  groups  in  a  poorly  soluble  pro- 
teolipid-like  substance  in  myelin  (Ashbel  and  Seligman  1949,  Seligman  and 
Ashbel  1951).  Lipoids  with  active  carbonyl  groups  were  stained  in  vari¬ 
ous  endocrine  tissues  (Ashbel  and  Seligman  1949),  in  virilizing  tumors 
of  the  human  adrenal  cortex  (Seligman  and  Ashbel  1951a)  and  in  inter¬ 
stitial  and  Sertoli  cell  tumors  of  the  dog’s  testis  (Ashbel,  Cohen,  and 
Seligman  1951).  Evidence  was  presented  for  considering  the  carbonyl 
groups  in  the  lipoid  of  these  tumors  to  be  ketonic  rather  than  aldehydic 
and  all  the  evidence  in  favor  of  the  thesis  that  ketosteroids  are  responsible 
for  the  staining  reaction  has  been  .summarized  (Ashbel,  C^ohen  and 
Seligman  1951).  The  reaction  is  by  no  means  specific  for  ketosteroids, 
but  only  for  activ'e  carbonyl  groups  which  it  has  l)een  shown  by  other 
reactions  are  ketonic.  It  is  assumed  that  ketosteroids  are  responsible  in 
major  part  for  the  staining  reaction  when  it  is  present  in  ti.ssues  in  which 
material  po.s.se.ssing  the  solubility  properties  of  the  steroids  is  found  and  in 
which  ketosteroids  are  known  to  be  present. 

The  pre.sent  communication  deals  with  a  study  of  the  carbonyl  reaction 
in  fifteen  non-virilizing  tumors  of  the  adrenal  cortex  of  which  six  were 
a.ssociated  with  Cushing’s  .syndrome. 
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METHOD 

Tlie  method  for  demonstrating  carbonyl  groups  in  frozen  sections  of  formalin-fixed 
tissue  (Ashbel  and  Seligman  1949)  was  modified  toward  the  end  of  this  investigation  in 
order  to  eliminate  the  diffuse  violet  or  bluish  stain,  especially  prominent  in  ei)ithelial 
structures,  which  is  due  to  the  non-specific  binding  or  adsorption  of  2-hydroxy-3- 
naphthoic  acid  hydrazide  to  protein.^ 

This  is  done  by  washing  the  sections  for  \  hour  in  \  N  hydrochloric  acid  after  reaction 
with  the  hydrazide  is  complete,  but  before  couj)ling  with  tetrazotized  diorthoanisidine 
to  form  the  blue  dye  is  performe<l.  Excess  hydrazide  is  thus  solubilized  through  the  basic 
hydrazide  group.  A  less  complete  removal  of  the  stain  is  produced  using  in  i)lace  of 
hydrochloric  acid,  1%  bicarbonate  which  solubilizes  the  hydrazide  through  the  phenolic 
group  whose  acidity  is  enhanced  by  the  ortho  carbonyl  group."'  Neither  the  acid  nor  the 
bicarbonate  wash  altered  the  (piality  of  the  staining  for  carbonyl  groups  in  myelin 
(Seligman  and  Ashbel  1951).  In  our  original  description  of  the  method  it  was  pointed  out 
that  the  hydrazide  reaction  could  be  conducted  at  room  temperature  for  2  hours,  or  at 
60°  C.  for  45  minutes.  While  the  latter  conditions  effect  an  economy  of  time,  superior 
sections  are  obtained  if  room  temperatures  for  2  hours  are  used.  The  following  details 
for  conducting  the  reaction  are  recommended:  Reagents 

1.  2-Hydroxy-3-nai)hthoic  acid  hydrazide  (0.1%).  The  hydrazide  (1  gram)  is  dis- 
.solved  in  50  cc.  of  hot  glacial  acetic  acid  in  a  volumetric  flask.  To  this  is  adfled  950  cc. 
of  50%  alcohol  by  volume  prepared  just  before  use  from  absolute  ethyl  alcohol  and  dis¬ 
tilled  water.  In  order  to  prevent  formation  of  aldehydes,  unsealed  bottles  of  absolute 
alcohol  are  stored  in  the  refrigerator.  The  reagent  may  be  stored  at  room  temperature 
for  2  weeks. 

2.  Alcohol-buffer  solution.  Phosi)hate  buffer  (|)H  7. 2-7. 5,  1  15  .M)  is  mixed  with  an 
ecpial  volume  of  absolute  ethyl  alcohol  just  before  use. 

3.  Ethyl  alcohol  (50%). 

4.  Hydrochloric  acid  (0.5  N). 

5.  Sodium  bicarbonate  (1%). 

6.  Tetrazotized  diorthoanisidine.  The  powder  (.50  mg.)  is  stirred  into  the  alcohol 
l)uflfer  at  the  time  of  coupling  without  i)rior  solution  in  water  because  the  diazoinum 
comi)ound  decomposes  and  darkens  rapidly  in  pure  atpieous  solution. 

Procedure : 

1.  Wash  formalin  from  frozen  sections  in  .several  changes  of  cool  water  for  several 
hours.  Sections  maj’  first  be  mounted  on  microscope  slides  and  allowed  to  dry  for  10 
minutes. 

®  The  binding  material  was  considered  to  be  i)roteinaceous  becau.se  the  stain  could 
not  be  removed  by  extraction  with  such  organic  solvents  as  acetone  or  xylene  which 
readily  extract  ketosteroids.  It  was  our  impression  that  the  intensity  of  this  stain  was 
more  j)rominent  in  ti.ssues  fixed  for  a  long  time.  This  imjjression  was  confirmed  in  a 
recent  report  by  Herman  and  Dempsey  (1951),  who  studied  the  effect  of  long  fixation 
in  formalin  on  the  reaction. 

'  Mrs.  Edith  Herman,  Department  of  Anatomy,  Harvard  Medical  School,  was  good 
enough  to  reexamine  her  material  and,  at  our  suggestion,  in  separate  ex])eriments,  tried 
the  hydrochloric  acid  and  bicarbonate  wash  with  the  same  results  reported  above. 

*  All  reagents  may  be  obtained  from  Dajac  Laboratories,  Monomer  Polymer,  Inc. 
511  I.ancaster  Street,  Leominster,  Mass. 
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2.  Incubate  sections  in  the  hydrazide  solution  at  room  temperature  for  2  hours 
The  maximum  number  of  sections  in  50  cc.  of  reagent  is  10  to  20. 

3.  Wash  in  several  changes  of  50%  alcohol  for  2  hours. 

4.  Incubate  in  0.5  N  hydrochloric  acid  at  room  temperature  for  5  hour  oj)tional. 

5.  Wash  in  water. 

6.  Rinse  in  1%  sodium  bicarbonate. 

7.  Wash  in  water. 

8.  Place  in  alcohol-buffer  solution.  Add  tetrazotized  diorthoanisidine  powder  and 
stir.  Stain  for  2  minutes. 

9.  Wash  in  several  changes  of  water. 

10.  Rinse  in  50%  alcohol  followed  by  water  in  order  to  dislodge  gas  bubbles. 

11.  Mount  in  glycerogel. 

The  tumor  material  obtained  from  various  hospitals,  had  been  fixed  in  formalin  from 
a  few  days  to  17  years.  Twelve  of  the  fifteen  tumors  were  diagnosed  as  carcinomas  by 
the  pathologists  of  the  hospitals  from  which  they  were  obtained.  Six  were  known  to  be 
associated  with  Cushing’s  syndrome.  The  remainder  were  unsuspected  before  post¬ 
mortem  examination  or  were  discovered  during  surgical  exploration  for  abdominal 
pain,  or  during  splanchnicectomy.  Sufficient  data  are  lacking  to  determine  whether  there 
was  associated  virilization  or  Cushing’s  syndrome.  Obvious  signs  and  symptoms  of  such 
endocrinopathy  were  absent.  The  urinary  ketosteroids  had  not  been  measured  in  most 
of  the  cases. 

Numerous  sections  from  several  areas  of  each  tumor  were  stained  for  lipoid  with  sudan 
IV  and  for  ketosteroids  by  the  foregoing  methods.  A  particularly  exhaustive  search  for 
ketosteroid  was  made  when  the  usual  search  did  not  disclose  their  presence.  Evidence 
for  the  lipoid  nature  and  ketonic  projjerties  of  the  stainable  material  was  obtained  by 
the  procedures  described  by  us  previously.  Sections  stained  with  sudan  IV  were  jjhoto- 
graphed  through  a  green  filter  and  those  stained  for  ketosteroids  were  photographed 
through  a  red  filter.® 

RESULTS 

Adrenal  Cortical  Tumors  with  Cushing's  Syndrome 

Protocol  data  and  the  results  of  the  reaction  for  carbonyl  groups  are 
given  in  order  of  decreasing  period  of  fixation  in  Table  1.  The  symptoma¬ 
tology  of  six  patients  with  adrenal  tumors  as.sociated  with  Cushing’s 
syndrome  is  given  in  Table  2.  One  tumor  contained  practically  no  lipoid 
(case  4),  three  contained  spotty  areas  with  a  moderate  number  of  lipoid 
droplets  (cases  1,  2,  and  3),  and  two  contained  abundant  droplets  of 
lipoid  (cases  5  and  6).  No  reaction  for  carbonyl  groups  was  ob.served  in 
cases  1  and  4,  a  pale  stippling  within  occasional  cancer  cells  was  observed 
in  case  3  and  only  one  area  of  the  many  inspected  in  the  tumor  of  ca.se 
2  contained  a  few  cells  with  blue  stained  droplets.  A  definite  and  consistent 
positive  reaction  for  carbonyl  groups  was  .seen  only  in  cases  5  and  6. 
These  last  two  tumors  were  fixed  in  formalin  for  the  shortest  period  of 
time.  In  case  5  the  tumor  cells  had  a  lobular  arrangement  (figs.  1,  2,  3). 
Only  a  fraction  of  the  tumor  cells  in  each  lobule  contained  fat  (fig.  1) 

*  Photomicrographs  by  Mr.  Leo  Goodman. 
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Table  1.  Adrenal  ti  mors  with  ci  shino’s  syndrome 


Case 

No. 

Exp. 

No. 

Hospital 

No. 

Hospital 

Sex 

.Age 

Diagnosis 

Period 

of 

fixation 

in 

forma¬ 

lin 

24  Hour  urinary 
output  at  time 
of  operation 

17-  Corti- 

keto-  coster- 
steroid  oids* 

W'einht 

of 

-  tumor 
of 

adrenal 

Reaction 

for 

carbonyl 
jrroups 
in  lipoid 
of  tumor 
sections 

years 

year.s 

IllK. 

niR. 

(tins. 

1 

282 

A-32-208 

Children’s 

K 

104 

Pituitary  basophilic 
adenoma  and  undif¬ 
ferentiated  adrenal 
cortical  carcinoma 

17 

700 

negative 

2 

292 

.\-37-8090 

Mass. 

(lenenil 

E 

36 

Adrenal  cortical  car¬ 
cinoma  with  metas- 
tases 

12 

20 

positive  in 
one  area 

317 

.\-38-I72.5 

Miiss. 

(leneral 

K 

.jO 

Adrenal  cortical  car¬ 
cinoma  with  lymph 
node  metastases 

II 

74.0 

1000 

trace 

4 

2ti7 

4.'>-82680 

New  EniE. 
Deaconess 

.M 

25 

Adrenal  cortical  ade¬ 
noma 

4 

— 

— 

II 

negative 

5 

289 

49-13340 

Ma^s. 

(ieneral 

F 

35 

Adrenal  cortical  ade¬ 
noma  pituitary  ba¬ 
sophilism 

0.3 

2.3 

0.49 

in 

positive 

6 

477 

A-.M)-68 

Beth  Israel 

K 

.50 

.\drenal  cortical  car- 
cinonui 

0.05 

20.5 

\.o 

600 

positive 

♦  Method  of  Talbot  et  al.  (1947). 

which  reacted  for  carbonyl  groups  (fig.  2).  In  case  6  the  tumor  cells  were 
undifferentiated  (fig.  4),  but  contained  large  amounts  of  lipoid  (fig.  5), 
which  was  positive  for  carbonyl  groups  (fig.  6).  These  positive  tumors 
were  .subjected  to  the  reactions  for  distinguishing  ketonic  from  aldehydic 
material,  as  previously  de.scribed  for  normal  adrenal  cortex  and  virilizing 
tumors  (Seligman  and  Ashbel  1951,  Seligman  and  Ashbel  1951a).  As 
before,  the  .stainable  material  proved  to  l)e  ketonic  and  lipoid  soluble  and 
was,  therefore,  presumably  ketosteroid. 

COMMENT 

The  two  tumors  (ca.ses  G  and  5)  which  contained  large  amounts  of 


Tabi.e  2.  Findings  in  six  patients  with  (  tshing’s  syndrome 


C^ase  no. 


Headache,  abdominal  pain,  hyiiertension,  diabetes,  cardio-renal  disease,  moon¬ 
shaped  face,  excessive  hair  around  genitalia. 

Abdominal  pain,  hirsutism,  headache,  hypertension,  edema,  moonshaped  face, 
husky  voice,  telangiectasia,  diabetes,  osteoiiorosis,  abdominal  striae. 

Pain  in  lower  thoracic  spine,  dyspnea,  paliiitations,  hirsutism  of  face,  edema, 
hypertension. 

Back  pain,  craving  for  sweets,  weight  increase  of  40  lbs.,  emotional  depression, 
irritability,  ease  of  exhaustion,  and  sleeiiiness,  moonshaped  face,  striae,  abnormal 
glucose  tolerance,  decrease  of  muscle  mass  of  extremities,  kyphosis  normal  blootl 
pressure. 

Right  upper  quadrant  abdominal  pain,  weakness  of  legs  and  atroiihy  of  muscles, 
headaches,  hypertension,  dizziness,  husky  voice,  full  face  with  capillary  telangi¬ 
ectasia,  ecchymoses  over  arms,  legs,  shoulders,  and  breasts,  obesity  of  trunk, 
distended  neck  veins. 

Hyjiertension,  headaches,  osteoporosis,  puffy  face,  hirsutism,  edema,  purple  striae 
over  trunk,  trunk  obesity,  ecchymosis  over  hips  and  lower  extremities,  thicken¬ 
ing  of  subcutaneous  tissue  over  upper  dorsal  and  lower  cervical  vertebrae  (buffalo 
hump),  diabetes. 


342 


SKLKIMAN  AND  ASHBKI. 


Volume  ~)() 


^farch,  19.52  DEMONSTRATION  OF  KETOSTEROIDS  IN  TUMORS 


343 


ketosteroid  luul  l)een  fixed  in  formalin  for  2.5  and  15  week.s.  The  other 
four  tumors  had  been  fixed  in  formalin  for  4-17  years.  The  weak  to 
absent  staining  in  these  may  have  been  due  to  the  signifieant  water 
solul)ility  of  the  17-hydroxy-eortieosteroids,  which  produce  Cushing’s 
syndrome.  The  water  soluble  property  of  the  17-hydroxy-corticosteroids 
has  been  used  in  urine  assay  for  their  .separation  from  the  17-ketosteroids 
by  partition  between  water  and  benzene  (Venning,  Hoffman  and  Browne 
1944,  Talbot,  Albright,  Saltzman  et  aL,  1847).  Partition  between  water 
and  lipoid  in  tissues  contaiiung  steroids  dissolved  in  neutral  fat,  phospha- 
tides,  cholesterol  and  cholesterol  esters  is  not  likely  to  be  as  efficient  as 
partition  between  benzene  and  water.  But,  in  the  course  of  years  in 
formalin,  depletion  of  the  slightly  water  soluble  steroids  could  have 
occurred.  In  cases  5  and  (i  the  period  of  fixation  was  too  short  for  significant 
extraction  of  the  hydroxy  corticosteroids.  The  positive  test  for  ketosteroid 
in  a  few  sections  of  cases  2  and  3  was  probably  due  to  the  17-ketosteroids 
(androgens)  and  progesterone  which  would  not  be  expected  to  move  from 
the  lipoid  droplets  to  water.  This  view  is  supported  by  the  study  of  adrenal 
tumors  associated  with  virilism  and  precocious  development.  The  andro¬ 
genic  ketosteroids  of  the.se  tumors  were  readily  demonstrated  in  ti.s.sue 
fixed  for  as  long  as  11  years  (Seligman  and  Ashbel  1951a). 

OTHKK  ADRENAL  TUMORS 

Protocol  data  and  the  results  of  the  test  for  carbonyl  groups  are  given 
in  Table  3.  Three  (Nos.  8,  9,  12)  of  the  nine  tumors  did  not  react  for 
carbonyl  groups.  One  was  an  embryonal  carcinoma  of  the  adrenal  cortex 
in  a  2  year  old  child,  and  contained  sudanophilic  droplets.  The.se  tumors 
had  been  fixed  in  formalin  for  11,  7,  and  4  years  respectively.  Three 
other  tumors  (Nos.  7,  10,  11)  which  had  been  fixed  in  formalin  for  12,  0 
and  5  years  respectively  did  react  for  carbonyl  groups.  Sudanophilic 
material  was  present  in  all  tumors  except  No.  9. 

Tumor  7  (Figs.  7-10)  was  an  adrenal  cortical  carcinoma  with  metasta.ses 
to  lung  and  liver  in  an  elderly  male  who  died  soon  after  admission.  Evi¬ 
dence  of  virilism  was  not  noted,  but  this  does  not  exclude  androgenic 
or  estrogenic  ketosteroids  in  the  tumor.  Carbonyl  groups  were  readily 
demonstrated  in  the  lipoid  of  the  metastases  as  well  as  of  the  primary 


Fig.  1.  Adrenal  cortical  adenoma  associaterl  with  Cushing’s  syndrome  (case  ,5).  The 
tumor  cells  contain  variable  amounts  of  lipoid.  Lipoid  laden  cells  at  left,  moderate 
(center),  none  (upper  right).  Hematoxylin-eosin.  X2.50. 

P^iG.  2.  Same  as  fig.  1.  Sudan  IV.  X250. 

Fig.  3.  Same  as  figs.  1  and  2.  Reaction  for  carbonyl  groups.  P'ixed  in 
formalin  for  1.5  weeks.  X2.50. 
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tumor  in  spite  of  12  years  of  fixation  in  formalin.  Corticosteroids  were 
therefore  probably  not  responsible  for  the  carbonyl  reaction. 

Tumor  10  was  a  small  adrenal  cortical  carcinoma  discovered  at  a 
laparotomy  for  abdominal  pain  in  a  30  year  old  woman.  Since  the  reaction 
for  carbonyl  groups  in  lipoid  was  intense  after  fixation  in  formalin  for  6 
years,  it  must  have  been  due  to  other  ketosteroids  than  the  more  water 
.soluble  corticosteroids. 

Tumor  11  was  a  small  adrenal  cortical  carcinoma  in  an  elderly  female 
who  was  admitted  to  the  hospital  in  coma.  She  died  of  cerebral  infarction. 
This  tumor  was  fixed  in  formalin  for  6  years  and  contained  lipoid  which 
reacted  for  carbonyl  groups  (figs.  11-13). 

Three  adrenal  cortical  carcinomas  (Nos.  13,  14,  15)  were  discovered  in 
adults  at  exploration  of  the  splanchnic  nerve,  at  autopsy,  and  at  laparotomy 
for  abdominal  pain  respectively  and  had  been  fixed  for  3  years,  0.5  year, 
and  1  day  respectively.  They  contained  lipoid  and  reacted  for  carbonyl 
groups. 


Table  3.  Adrenai,  tumors  not  associated  with  virilism  or  cushinc.’s  syndrome 


Case 

No. 

Exp. 

No. 

Hospital 

No. 

Hospital 

Sex 

•4ge 

Period 

of 

Diagnosis  fixation 

in 

formalin 

Reaction 
for  fat 
in  tumor 
section 

Weight 

of 

tumor 

of 

adrenal 

Reaction  for 
carbonyl 
groups  in 
lipoid  of 
tumor 
sections 

7 

202 

.4-37-697 

Boston 

M 

years 

55-60  Adrenal  cortical  carci- 

years 

12 

positive 

gm.s. 

2000 

positive  with 

10 

269 

22466 

City 

New  Eng. 

F 

30 

noma  with  metastases 

Adrenal  cortical  carci- 

6 

positive 

14 

positive  me- 
tasta.ses 
po.sitive 

11 

203 

A-43-484 

Deaconess 

Boston 

F 

63 

noma 

.\drenal  cortical  carci- 

6 

positive 

6 

positive 

8 

264 

A38997 

City 

New  Eng. 

F 

.56 

noma 

Adrenal  cortical  adenoma 

11 

positive 

50 

negative 

9 

283 

A-42-190 

Deaconess 

Children's 

M 

2 

Embryonal  carcinoma  of 

7 

sparse 

2000 

negative 

12 

199 

A-45-49 

Boston 

F 

72 

adrenal  cortex  involv¬ 
ing  viscera 

Adenocarcinoma  of  adre- 

4 

positive 

7 

negative 

13 

270 

S91115 

City 

Lahey 

F 

41 

nal  with  metastases  to 
skull  and  spine 

Adrenal  cortical  carci- 

3 

positive 

3.5 

positive 

14 

321 

A-51-49 

Clinic 

New  Eng. 

M 

66 

noma 

Adrenal  cortical  carci- 

0.5 

positive 

2 

positive 

15 

297 

116752 

Deaconess 
New  ting. 

M 

56 

noma  with  metastases 
Adrenal  cortical  carci- 

1/365 

positive 

L500 

positive 

Deaconess 

noma 

COMMENT 

On  the  basis  of  the  results  with  adrenal  tumors  known  to  be  associated 
with  either  Cushing’s  syndrome  or  virilization  (Seligman  and  Ashbel 
1951a),  it  can  be  concluded  that  in  tumors  8,  9,  and  12  which  were  fixed 

Fig.  4.  Adrenal  cortical  carcinoma  associated  with  Cushing’s  syndrome  (case  6). 
The  tumor  cells  are  pleomorphic  and  contain  variable  amounts  of  lipoid.  Hematoxylin- 
eosin.  X400. 

Fig.  5.  Same  as  fig.  4.  Area  with  little  lipoid.  Sudan  IV.  X400. 

Fig.  6.  Same  as  figs.  4  and  5.  Reaction  for  carbonyl  groups.  Fixed  in 
formalin  for  2.5  weeks.  X400. 
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for  4  years  or  longer  and  did  not  disclose  ketonic  carbonyl  groups,  andro¬ 
genic  ketosteroids  were  never  present.  Corticosteroids  might  have  been 
produced  or  the  tumors  may  not  have  produced  either  class  of  hormones. 
The  three  tumors  (Nos.  7,  10,  11)  fixed  for  6  years  or  longer  which  reacted 
for  carbonyl  groups  must  have  contained  ketosteroids  other  than  the 
corticosteroids,  such  as  the  androgens  or  progesterone.  The  three  positive 
tumors  (Nos.  13,  14,  15)  which  were  fixed  for  shorter  periods  of  time  might 
have  contained  any  of  the  ketosteroids.  The  histochemical  findings  in 
the.se  nine  tumors  cannot  be  correlated  with  the  presence  or  absence  of 
virilism  or  Cushing’s  syndrome  because  pertinent  data  in  most  cases  were 
not  obtainable. 

Discussion 

It  thus  appears  that  adrenal  cortical  tumors  associated  with  Cushing’s 
syndrome,  and  which  elaborate  large  amounts  of  the  corticosteroids 
(compounds  E  and  F),  may  show  no  ketonic  carbonyl  groups  (ketosteroids) 
when  the  tisisue  is  fixed  in  formalin  for  four  years  or  longer.  On  the  other 
hand,  adrenal  cortical  tumors  a.ssociated  with  precocious  development 
and  virilism  give  positive  reactions  for  ketonic  carbonyl  groups  (ketos- 
teroid)  even  after  fixation  in  formalin  for  as  long  as  eleven  years  (Seligman 
and  Ashbel  1951).  The  ketosteroids  most  likely  responsible  for  the  viriliza¬ 
tion  are  the  highly  lipoid-soluble  androgens.  These  ketosteroids  as  well  as 
progesterone  would  not  be  extracted  from  the  lipoid  droplets  in  w4uch 
they  are  dissolved  by  a  long  period  of  incubation  in  aqueous  medium, 
whereas  the  cortico.steroids,  particularly  the  17-hydroxy  and  11-hydroxy 
derivatives,  have  a  significant  solubility  in  water. 

In  a  histochemical  study  of  interstitial  and  sertoli  cell  tumors  of  the 
testicle  of  the  dog,  incubation  of  frozen  sections  for  24  hours  at  pH  11 
removed  the  carbonyl  containing  lipoid  from  the  .sertoli  cell  tumors  (es¬ 
trone)  but  not  from  the  interstitial  cell  tumors  (androgen)  (Ashbel,  Cohen 
and  Seligman  1951).  This  is  consistent  with  the  phenolic  character  of  the 
ketosteroid,  estrone,  and  correlates  with  the  reported  feminizing  properties 
of  Sertoli  cell  tumors  in  dogs. 

The  close  correlation  of  the  results  of  histochemical  analysis  with  wdiat 


Fig.  7.  Adrenal  cortical  carcinoma  metastatic  to  lung  without  Cushing’s 
syndrome  (case  7).  Hematoxylin-eosin.  X240. 

Fig.  8.  Same  as  Fig.  7.  Reaction  for  carbonyl  groups.  Fixed  in 
formalin  for  12  years.  X240. 

Fig.  9.  Adrenal  cortical  carcinoma  metastatic  to  liver  without  Cushing’s 
syndrome  (case  7).  Tumor  cells  containing  lipoid.  Sudan  IV.  X400. 
Fig.  10.  Same  as  fig.  9.  Reaction  for  carbonyl  groups.  Fixed 
in  formalin  for  12  years.  X400. 
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is  known  of  the  properties  of  the  ketosteroids  further  confirms  our  view 
that  ketonic  lipoidal  material  demonstrated  in  these  tissues  are  in  fact 
ketosteroids. 

SUMMARY 

Adrenal  cortical  tumors  associated  with  Cushing’s  syndrome  contained 
active  lipoidal  ketonic  carbonyl  groups  (presumably  corticosteroids) 
when  fixed  in  formalin  for  brief  periods  (months)  and  little  or  no  carl)onyl 
groups  (presumably  other  ketosteroids)  when  fixed  in  formalin  for  years. 
The  solubility  of  the  corticosteroids  in  water  though  slight  is  believed  to 
explain  this  phenomenon. 

Six  of  nine  adrenal  cortical  tumors  not  known  to  be  associated  with 
Cushing’s  tumor  or  virilism  contained  active  ketonic  carbonyl  groups  in 
the  lipoid  droplets  of  the  tumor  cells  (presumably  one  or  more  of  the 
ketosteroids). 
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Fig.  11.  Adrenal  cortical  carcinoma  without  Cushing’s  syndrome  (c.%se 
11).  Tumor  cells  are  pleomorphic.  Hematoxylin-eosiii.  X40(). 

Fig.  12.  Same  as  fig.  11.  Sudan  IV.  X400. 

Fig.  13.  Same  as  figs.  11  and  12.  Reaction  for  carbonyl  groups. 
Fixed  in  formalin  for  6  years.  X400. 


AXTIDIURETIC  HORMONE  IN  THE  SERUM  OR 
PLASMA  OF  RATS‘ 


ROSE  G.  AMES  and  H.  B.  van  DYKE 

From  the  Department  of  Pharmacology,  The  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York,  Xew  York 

The  recent  reports  of  Birnie  and  his  colleagues  were  the  first  describing 
the  antidiuretic  action  of  serum  of  normal  or  adrenalectomized  rats 
(Birnie  et  al.,  1949  and  1950).  Their  results  suggested  that  antidiuretic 
hormone  of  neurohypophysial  origin  can  be  detected  in  rather  high 
concentration  in  rat  serum  especially  after  adrenalectomy.  Subsequently, 
Dicker  and  Ginsburg  (1950)  concluded  that  heparinized  plasma  of  rats 
lacks  the  antidiuretic  substance  which  can  be  detected  in  serum.  Their 
report  implied  that  the  antidiuretic  substance  is  an  artifact  of  the  clotting 
process. 

It  seemed  important  to  reinvestigate  various  aspects  of  these  findings. 
Does  circulating  blood  in  the  normal  rat  contain  antidiuretic  hormone  in 
relatively  enormous  concentrations  represented  by  approximately  0.75 
milli-unit  of  Pitressin  per  ml.  of  serum*”  Can  a  more  reliable  estimate  of 
the  amount  of  antidiuretic  substance  in  serum  be  made  than  is  possible 
if  assays  are  performed  by  intra peritoneal  or  subcutaneous  injection  into 
rats?  Is  the  concentration  markedly  increased  following  adrenalectomy? 
Is  the  antidiuretic  substance  absent  from  heparinized  plasma?  Does  the 
serum  of  kangaroo  rats  {Dipodomys  rnerriami)  which  may  excrete  com¬ 
paratively  high  concentrations  of  antidiuretic  hormone  in  the  urine 
(Ames  and  van  Dyke,  1950)  contain  appreciably  higher  concentrations  of 
antidiuretic  substance  than  the  serum  of  laboratory  rats?  Efforts  to  answer 
these  principal  questions  are  described  in  this  report. 

METHODS 

Assays  of  antidiuretic  activity  in  specimens  of  serum  or  plasma  were  carried  out  in 
male  Long-Evans  rats  by  a  modification  of  the  intravenous  method  described  by  Jeffers, 
Livezey  and  Austin,  (1942).  The  assay  animals  were  rendered  diuretic  by  the  admin- 

Received  for  publication  November  26,  1951. 

*  This  investigation  was  in  part  supported  by  grants  from  the  Playtex  Park  Research 
Institute  and  E.  R.  Squibb  and  Sons. 

*  This  figure  was  reported  by  Dicker  and  Ginsburg.  In  neither  of  their  publications 
did  Birnie  et  al.  report  assays  in  terms  of  a  standard;  however,  their  results  are  not  in 
serious  disagreement  with  the, estimate  of  Dicker  and  Ginsburg. 
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istration  of  water  and  ethanol  which  anesthetized  the  rats  and  probably  suppressed  tlie 
secretion  of  endogenous  antidiuretic  hormone  (van  Dyke  and  Ames  1951)..  After  the 
urethra  had  been  ligated  a  shortened  ureteral  catheter  (3  mm.  O.D.)  was  inserted  through 
a  cystotomy  and  firmly  anchored  by  a  ligature.  Urine  was  then  collected  at  5  to  10  minute 
intervals  directly  from  the  bladder  into  specially-designed  long  5  ml.  cylinders  graduated 
to  0.05  ml.  All  injections  were  made  intravenously  through  a  24  gauge  needle  which  was 
inserted  a  distance  of  20  mm.  into  the  saphenous  vein.  The  needle  contained  a  wire 
mandrel  which  could  be  removed  liefore  attaching  a  sp  ringe.  Both  the  needle  and  the 
leg  were  firmly  held  by  adhesive  tape.  Estimations  of  antidiuretic  activity  were  made 
by  comparing  the  antidiuretic  effect  of  the  materials  to  be  as.sayed  with  that  obtained 
from  known  amounts  of  Pitressin  in  the  same  assay  rat.  Fig.  1  demonstrates  a  typical 
curve.  In  all  acceptable  assays,  0.020  m.u.  of  Pitressin  could  be  detected.  (Occasionally, 
the  routine  oral  dose  of  water,  30  minutes  after  acpieous  ethanol,  was  partly  aspiiated 
owing  to  depression  of  normal  reflexes  by  the  ethanol;  there  was  no  diuresis  in  such  ani¬ 
mals  which  had  to  be  discarded.)  The  precision  of  this  assay  method  was  such  that  in 


Fig.  1.  An  example  of  the  as.say  of  antidiuretic  hormone  by  the  intravenous  method 
in  the  rat.  At  —95  minutes,  5  ml.  of  9.6  (v/v)  per  cent  of  ethanol  per  100  gins,  were 
administered  by  stomach  tube;  at  —65  minutes  3  ml.  of  water  per  100  gms.  were  similarly 
administered. 

P25  and  P50:  25  and  50  nu.  of  Pitressin. 

S37:  equivalent  of  0.1  ml.  of  serum  of  a  kangaroo  rat  anesthetized  by  ether  and  then 
decapitated. 

S37-t-NaTG:  equivalent  of  0.3  ml.  of  serum  37  containing  0.01  M  sodium  thioglycol- 
late. 

S34:  0.5  ml.  of  .serum  of  a  kangaroo  rat  decapitated  without  ether  or  exceitment. 

No  antidiuretic  hormone  could  be  detected  in  serum  after  simple  decapitation  (S34); 
about  0.5  m.u.  per  ml.  of  serum  was  present  after  ether  anesthesia  (S37)  and  was  in¬ 
activated  by  thioglycollate. 
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the  usual  dose-range  of  0.020  to  0.1  m.u.,  increments  or  decrements  of  0.020  m.u.  could 
be  distinguished.  Duplicate  assays  of  the  same  dose  in  the  same  animal  were  in  excellent 
agreement. 

The  method  of  Birnie  et  al.  (1950)  was  also  used  for  the  assay  of  several  sjjecimens 
of  serum.  In  this  method,  rats  are  hydrated  by  three  successive  doses  of  water  and  the 
serum  or  diluted  Pitre.ssin  is  injected  intraperitoneallj'. 

Blood  was  secured  by  four  methods:  heart  puncture  without  anesthesia,  decapita¬ 
tion  without  anesthesia,  and  heart  puncture  or  decapitation  under  ether  anesthesia 
Struggling  always  occurred  with  the  first  method;  it  also  was  uniformly  present  before 
the  induction  of  surgical  anesthesia  by  ether  after  which  heart  puncture  or  decapitation 
was  performed.  In  the  second  method,  simple  decapitation,  the  animals  were  handled 
gently  for  5  to  10  minutes  and  when  they  appeared  tranquil  the  necks  were  swiftly 
severed  by  large,  sharp  surgical  scissors;  blood  was  collected  from  the  trunks  suspended 
over  small  funnels  in  centrifuge  tubes.  Clotting  was  prevented  in  some  of  the  samples  of 
blood  by  adding  to  the  collecting  tubes  a  minute  volume  of  a  concentrated  solution  of 
sodium  heparin  so  that  10  units  of  heparin  per  ml.  of  blood  were  present.  All  blood  speci¬ 
mens  were  centrifuged  for  2  minutes  and  the  serum  or  heparinized  plasma  was  removed 
immediately.  Injections  for  assay  were  made  within  10  minutes  after  the  blood  was 
obtained  unless  a  longer  period  was  deliberately  chosen. 

Bilateral  adrenalectomy  was  performed  as  described  by  Ingle  and  Griffith  (1949). 
The  adrenalectomized  animals  were  maintained  on  1  per  cent  NaCl  before  they  were 
used  in  experiments.  Except  where  indicated,  the  saline  solution  was  replaced  by  water 
4  or  5  days  prior  to  the  rats’  use  in  experiments.  After  each  experiment  with  adrenalec¬ 
tomized  rats  the  suprarenal  and  perirenal  tissue  was  examined  grossly  and  microscopi¬ 
cally.  Experiments  performed  with  rats  in  which  suspicious  tissue  was  present  were 
discarded. 

RESULTS 

Tlie  results  of  various  experiments  with  Long-Evans  rats  are  .summarized 
in  Table  1.  Sera  from  14  normal  adult  rats  were  assayed  for  antidiuretic 
activity  by  the  intravenous  method.  The  rats  had  been  bred  in  this  labora¬ 
tory  and  handled  frequently;  they  were  neither  anxious  nor  excited  before 
blood  was  obtained  by  sudden  decapitation.  Six  of  the  specimens  were 
tested  by  both  the  intravenous  and  intra peritoneal  method  of  assay.  In 
no  case  was  antidiuretic  activity  detected  under  these  conditions  by  either 
method  of  assay  (group  A).  On  the  other  hand,  when  blood  was  obtained 
by  heart  puncture  from  14  similar  animals  which  struggled  and  became 
excited,  the  sera  contained  antidiuretic  activity  which  was  equivalent  to 
from  .0.10  to  0.50  m.u.  of  Pitre.ssin  per  ml.  with  a  mean  of  0.17  +  0.020 
m.u. /ml.  (group  C).  Three  additional  rats  were  hydrated  with  5  ml.  of 
water  per  100  gm.  of  body  weight  one  hour  before  heart  puncture.  Sera 
from  these  rats  had  antidiuretic  activity  in  the  same  range  as  rats  without 
previous  hydration. 

The  effect  of  ether  anesthesia  prior  to  obtaining  blood  by  heart  puncture 
or  decapitation  was  also  observed  (group  E).  Four  rats  were  decapitated 
and  5  had  cardiac  punctures  under  ether  anesthesia.  The  antidiuretic 
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Table  1.  The  concentration  of  antidiuretic  activity  in  the  serum  of  Long-Evans 
RATS.  (The  intravenous  method  was  used  for  .all  the  assays.) 


Normal  rats 

Adrenalectomized  rats  | 

Method 

Group 

No.  of 

Mean  +S.  E.* 

Group  j 

No.  of 

Mean  +  S.  E.* 

rats 

m.u./ml.  serum 

rats 

m.u./ml.  serum 

Decapitation  without 
anesthesia 

A 

14 

0* 

B 

14 

0.0073 

Heart  puncture  with¬ 
out  anesthesia 

G 

14 

0.17+0.029 

D 

22 

0.25+0.020 

Decapitation  or  heart 
puncture  under  ether 
anesthesia 

E 

11 

0.29+0.042 

E 

8 

j 

i  0.21  +0.000 

Heart  puncture  after 
ethanol 

(i 

13 

j  0.02±0.015 

H 

5 

1 

0.08+0.037 

Hypophysectomized  rats 

Heart  puncture  with¬ 
out  anesthesia 

I-l 

11 

0< 

Decapitation  under 
ether  anesthesia 

1-2 

12 

O' 

*  S.  E.  =  Standard  error  of  mean. 

*  .\88ay  of  0.5  ml.  of  8erum  from  10  rat8  (<0.04  m.u./ml.)  and  of  1.0  ml.  of  .serum  from 
4  rate  (<0.02  m.u./ml.). 

*  Serum  1  rat  contained  0.1  m.u./ml.;  all  the  others  contained  no  detectable  activity 
(u.sually  0.5  ml.  of  serum  assayed). 

*  Assay  of  1.0  ml.  of  serum  in  all  rats  (<0.02  m.u./ml.). 

activity  of  these  sera  ranged  from  0.10  to  0.40  m.u.  ml.  with  a  mean  of 
0.29  +  0.042  m.u./ml.  The  two  methods  of  obtaining  blood  did  not  differ 
in  their  effect  on  the  antidiuretic  titer  of  serum  following  ether  anesthesia. 
In  some  experiments,  heart  puncture  was  immediately  followed  by  de¬ 
capitation;  the  concentration  of  antidiuretic  activity  was  identical  in  these 
successive  samples  of  serum  from  a  given  animal.  Ether  anesthesia  did  not 
modify  the  results. 

Since  ethanol  probably  suppresses  the  secretion  of  antidiuretic  hormone 
(see  van  Dyke  and  Ames,  1951)  the  antidiuretic  activity  of  sera  from  13 
rats  under  ethanol  anesthesia  was  determined.  One  hour  or  more  before 
heart  puncture  5  ml.  of  9.6  (v/v)  per  cent  ethanol  in  water  per  100  gm. 
body  weight  were  given  by  stomach  tube.  There  was  no  period  of  excitation 
except  in  response  to  gavage.  The  antidiuretic  activity  was  significantly 
less  than  in  the  sera  obtained  by  heart  puncture  from  unanesthetized  rats 
or  those  subjected  to  ether  anesthesia.  The  titer  of  9  specimens  was  less 
than  0.02  m.u./ml.  and  the  mean  was  0.02  +  0.015  m.u./ml.  or  less  than 
one  tenth  of  that  found  under  ether  anesthesia  (group  G).  Just  before  blood 
samples  were  obtained  from  3  additional  rats,  they  were  placed  in  an  ether 
chamber  with  control  rats  until  the  latter  were  anesthetized.  Assays  of 
their  sera  were  higher  than  the  majority  of  sera  from  rats  which  received 
ethanol  alone. 
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Dicker  and  Ginsburg  (1950)  have  reported  the  presence  of  an  anti¬ 
diuretic  substance  in  the  serum  but  not  in  the  plasma  of  rats  under  ether 
anesthesia.  Portions  of  3  of  the  blood  samples  obtained  by  heart  puncture 
were  collected  in  tubes  containing  heparin  (10  u./ml.).  The  antidiuretic 
activity  of  these  plasma  samples  did  not  differ  from  samples  of  sera 
collected  from  the  same  animal  at  the  same  time.  The  mixing  of  sera  from 
4  rats  with  heparin  did  not  change  its  antidiuretic  activity  and  15  u.  of 
heparin  alone  did  not  affect  the  diuresis  of  3  assay  rats.  Dicker  and  Gins¬ 
burg  mentioned  that  unpublished  experiments  of  Ginsburg  and  Heller 
revealed  that  the  antidiuretic  action  of  rat  serum  could  not  be  attributed  to 
the  serotonin  of  Rapport.  Serotonin  was  kindly  furnished  to  us  by  Dr. 
Rapport;  doses  of  4  or  6  ngm.  intravenously  had  no  antidiuretic  effect 
in  rats. 

In  an  attempt  to  identify  the  source  of  the  antidiuretic  substance, 
sera  from  23  adult  hypophysectomized  rats,  3  to  4  weeks  after  operation, 
were  assayed.  In  11  animals  blood  was  obtainetl  by  heart  puncture  with¬ 
out  anesthesia  (group  I-l);  the  remaining  12  animals  were  anesthetized 
with  ether  and  then  decapitated  (group  1-2).  In  neither  group  could  any 
antidiuretic  activity  be  detected  in  1  ml.  samples  of  serum.  The  assay- 
rats  all  responded  to  0.020  m.u.  of  Pitressin;  therefore,  the  serum  of  the 
hypophysectomized  rats  contained  less  than  this  quantity  of  antidiuretic 
principle  per  ml.  These  results  confirm  the  conclusion  of  Birnie  et  al. 
(1950). 

The  antidiuretic  activity  of  rat  serum  has  been  reported  to  be  higher 
than  normal  in  adrenalectomized  animals  (Birnie  et  al.,  1949,  1950).  The 
experiments  to  be  reported  in  this  section  were  performed  in  adrenalecto¬ 
mized  rats  about  1  to  2  weeks  after  operation;  neither  sodium-chloride 
solution  nor  any  other  treatment  was  available  to  these  animals  for  at 
least  4  days  before  experiments.  The  14  animals  of  group  B,  Table  1, 
were  decapitated  in  a  tranquil  state  without  anesthesia  and  in  only  one 
serum  sample  was  it  possible  to  demonstrate  antidiuretic  activity  (0.1 
m.u.  per  ml.).  Serum  obtained  by  cardiac  puncture  from  22  adrenalecto¬ 
mized  rats  had  activity  equivalent  to  from  0.10  to  0.50  m.u.  of  Pitressin 
per  ml.  with  an  average  of  0.25  ±0.02  m.u. /ml.  following  heart  puncture 
(group  D).  All  but  3  of  these  rats  did  not  receive  1  per  cent  NaCl  for  5 
or  more  days  and  the  3  specimens  from  rats  on  saline  did  not  differ  from 
the  others.  This  was  also  true  of  sera  from  2  rats  which  received  5  ml.  of 
water  per  100  gm.  of  body  weight  one  hour  before  heart  puncture.  The  anti¬ 
diuretic  titer  of  serum  obtained  by  decapitation  immediately  following 
heart  puncture  did  not  differ  from  that  of  the  corresponding  cardiac  blood 
of  the  same  animal.  Ether  anesthesia  w'as  induced  in  8  adrenalectomized 
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Table  2.  The  concentration’  of  antiihi  retic  activity  in  the  serum  of  kangaroo  rats 
(Diporlonn/s  merriatni).  (The  intravenous  method  m  as  used  for  all  the  assays.) 


Kangaroo  rats 


Method 

i 

(Iroup 

Xo.  of  rats  1 

1 

Mean±S.  E.‘ 
m.u./ml.  serum 

Decapitation  M’ithout  anesthesia 

J 

1  20  i 

0.0()2 +0.010 

Heart  puncture  M’ithout  anesthesia 
Decapitation  or  heart  puncture 

K 

1.25  ±0.34 

under  ether  anesthesia 

1 

H) 

0.75  ±0.120 

‘  S.  E.  =  Standard  error  of  mean. 

*  Sera  from  8  rats  contained  less  than  0.040  m.u./ml. 


rats  before  heart  puncture  or  decapitation  (group  F).  The  antidiuretic 
activity  ranged  between  0.19  and  0.23  m.u./ml.  with  a  mean  of  0.21  ±0.006 
m.u.  ml.  The  effect  of  the  ethanol  anesthesia  in  the  adrenalectomized  rats 
was  similar  to  that  of  the  intact  rats.  The  antidiuretic  activity  ranged 
from  0  to  0.20  m.u.,  ml.  with  a  mean  of  0.08  ±0.037  m.u.,  ini. 

The  kangaroo  rat,  Dipodomys  merriami,  was  studied  in  a  manner  similar 
to  the  normal  rats  (Table  2).  These  desert  rodents,  which  had  been  cap¬ 
tured  recently,  ordinarily  obtain  little  or  no  water.  In  previous  experiments 
it  had  been  shown  that  kangaroo  rat  urine  contains  comparatively  large 
amounts  of  antidiuretic  activity  (Ames  and  van  Dyke,  1950).  Twenty 
were  decapitated  in  as  tranquil  a  state  as  possible  but  these  animals  were 
apprehensive  and  were  not  as  accustomed  to  laboratory  conditions  as  the 
Long-Evans  strain  (group  J).  Eight  sera  had  no  detectable  antidiuretic 
activity;  the  highest  level  was  0.19  m.u.  ml.  and  the  average  value  was 
0.06  ±0.010  m.u.  ml.  When  heart  puncture  without  anesthesia  was  per¬ 
formed  in  4  animals  the  sera  contained  much  more  antidiuretic  activity 
with  a  range  of  0.75  to  2.25  m.u.  ml.  and  a  mean  of  1.25  ±0.34  m.u./ml. 
(group  K).  Serum  from  blood  obtained  under  ether  anesthesia  by  cardiac 
puncture  or  after  decapitation  also  had  marked  antidiuretic  activity.  In 
these  sera  the  range  was  equivalent  to  0.38  to  2.0  m.u.  of  Pitressin  per  ml. 
and  the  mean  was  0.75  ±0.120  m.u.  ml.  Samples  of  serum  from  the 
same  kangaroo  rat  collected  by  decapitation  immediately  after  heart 
puncture  contained  the  same  concentration  of  antidiuretic  activity. 

Pitressin  and  the  antidiuretic  substance  in  the  urine  of  dogs  whose 
neurohypophysis  was  stimulated  could  be  inactivated  by  freshly  neu¬ 
tralized  thioglycollic  acid  (Ames,  Moore  and  van  Dyke  1950).  Samples  of 
active  sera  from  normal  or  adrenalectomized  rats  were  mixed  with  a  solu¬ 
tion  of  sodium  thioglycollate  (1  M)  to  a  final  concentration  of  0.01  M, 
and  the  mixture  was  allowed  to  stand  at  room  temperature  for  10  to  20 
minutes.  In  every  case  the  antidiuretic  activity  was  completely  lost.  Sped- 
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mens  of  kangaroo  rat  serum  also  completely  lost  their  activity  when 
mixed  with  sodium  thioglycollate.  When  sera  without  thioglycollate  were 
allowed  to  stand  at  room  temperature  as  much  as  50  per  cent  of  the 
activity  was  lost  in  10  minutes;  losses  of  activity  were  50  to  75  per  cent 
after  20  minutes  and  50  to  100  per  cent  after  60  minutes. 

Birnie  et  al.  (1950)  described  their  exact  technic  of  assaying  antidiuretic 
principle  in  rats.  For  purposes  of  comparison  this  time-consuming  method 
was  followed  in  6  complete  experiments  with  Long-Evans  rats.  In  5  of 
these  experiments,  the  intravenous  and  intraperitoneal  methods  were 
compared.  The  results  of  one  experiment  are  illustrated  in  Figure  2. 
In  our  hands,  the  intraperitoneal  method  is  insensitive  as  illustrated 
by  our  inability  to  distinguish  1  m.u.  of  Pitressin  from  twice  this  dose 
in  another  assay-rat.  In  neither  the  intravenous  nor  the  intraperitoneal 
method  was  there  evidence  of  altered  antidiuretic  response  to  Pitressin 
mixed  with  inactive  serum.  Samples  of  sera  from  12  adrenalectomized 
rats  and  from  6  normal  rats  decapitated  in  a  tranquil  state  were  found 
to  contain  no  antidiuretic  principle  by  either  intraperitoneal  or  intra- 


Fig.  2.  An  example  of  the  results  in  individual  rats  after  the  intraperitoneal  injection 
of  serum  or  Pitressin  by  the  assay-method  of  Birnie  et  al.  (1950).  In  all  such  experiments, 
some  control  rats  received  saline  and  others  Pitressin;  the  volume  of  all  intraperitoneal 
doses  was  1  ml.  The  serum  of  adrenalectomized  rats  decapitated  in  a  tranquil  state  had 
no  antidiuretic  effect  and  this  result  agreed  with  intravenous  assays  of  the  same  sera. 
However,  the  intraperitoneal  method  is  not  sensitive. 
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venous  assay.  More  serious  is  the  lack  of  correlation  between  the  intra¬ 
venous  ami  intraperitoneal  assays  when  sera  containing;  endogenously 
liberated  antidiuretic  principle  are  compared.  For  example,  2  sera  from 
adrenalectomized  rats  decapitated  under  ether  anesthesia  contained 
the  equivalent  of  0.20  m.u.  of  Pitressin  per  ml.  by  intravenous  assay 
whereas  by  intraperitoneal  assay  the  antidiuretic  effect  of  1  ml.  of  both 
sera  was  slightly  less  than  that  of  5  m.u.  of  Pitressin. 

DISCUSSION 

For  the  determination  of  antidiuretic  hormone  in  biological  fluids,  the 
authors  believe  that  an  intravenous  method  is  the  best.  In  the  experi¬ 
ments  reported  here  reliance  has  been  placed  on  an  intravenous  assay 
in  rats,  a  method  which  is  sensitive,  probably  specific,  fairly  accurate 
and  not  extremely  time-consuming.  By  the  intravenous  method  control 
observations  with  a  standard  preparation  can  be  made  in  the  same 
animal  receiving  material  of  unknown  potency.  On  the  other  hand  the 
method  used  by  Birnie  et  al.  (1950),  is,  in  our  experience,  disadvantageous 
in  respect  of  all  five  of  the  qualities  mentioned  for  the  intravenous  assay. 
The  well-known  method  of  assay  recommended  by  Burn  is  reliable  if 
posterior-lobe  extracts  are  used.  However,  it  is  not  suitable  for  samples 
of  rat  serum  such  as  were  used  in  the  work  reported  here:  Burn’s  method 
requires  16  rats  on  each  dose;  the  sensitivity  is  too  low  by  subcutaneous 
injection  except  that  it  may  be  modified  by  impaired  absorption  if  pro¬ 
tein  is  also  present;  there  is  a  possibility  of  a  non-specific  effect  on  diuresis. 

Of  fundamental  importance  is  the  source  of  the  antidiuretic  substance 
when  present  in  serum.  It  was  not  possible  to  confirm  the  conclusion 
of  Dicker  and  Ginsburg  (1950)  that  heparinization  of  plasma  prevents 
the  detection  of  antidiuretic  activity  in  plasma.  The  antidiuretic  activity 
of  serum  or  heparinized  plasma  from  the  same  rat  is  identical.  No  anti¬ 
diuretic  activity  is  found  in  the  serum  of  hypophysectomized  rats  (Groups 
I-l  and  1-2,  Table  1;  confirming  Birnie  et  ah,  1949  and  1950).  Antidiuretic 
activity  in  plasma  or  serum  is  inactivated  in  the  presence  of  0.01  M 
thioglycollate.  It  is  concluded  that  the  antidiuretic  substance  is  prob¬ 
ably  secreted  by  the  neurohypophysis. 

From  the  reports  of  Birnie  and  his  colleagues,  it  was  difficult  to  under¬ 
stand  how  the  homeostatic  control  of  water  metabolism  in  the  rat  was 
possible  if,  as  they  contended,  large  amounts  of  antidiuretic  principle 
were  in  the  circulating  blood.  The  explanation  became  evident  when 
blood  was  obtained  from  the  trunk  after  the  rapid  decapitation  of  tranquil 
rats.  Serum  from  such  blood  contained  no  detectable  antidiuretic  ac¬ 
tivity  whether  obtained  from  Long-Evans  rats  which  were  normal  (14 
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of  14)  or  had  been  adrenaleetomized  (13  of  14).  Kangaroo  rats,  which 
can  excrete  higli  concentrations  of  antidiuretic  hormone  in  tlie  urine, 
reflecting  a  liigh  potential  rate  of  secretion  into  tlie  blood,  were  similarly 
treated.  The  sera  of  8  animals  contained  no  detectable  antidiuretic 
activity;  howev'er,  appreciable  amounts  were  present  in  the  sera  of  the 
remaining  12  animals  (0.05-0.20  m.u.  per  ml.).  These  animals  had  been 
captured  only  a  few  weeks  previously.  Despite  gentle  handling,  they 
appeared  ill  at  ease  and  it  is  believ'ed  that  the  secretion  of  antidiuretic 
hormone  was  thus  facilitated  in  12  of  the  20  animals. 

Comparisons  of  various  experimental  groups  are  summarized  in  Table 
3.  The  P  v'alues  listed  for  each  comparison  indicate  the  probability  that 


Table  3.  Comparison  of  means  of  groi  ps  of  tables  1  and  2 


(Jroups  compared 

P* 

Groups  compared 

P* 

C  and  I) 

0.03 

D  and  H 

0.001 

E  and  F 

0.3 

F  and  H 

<0.01 

(}  and  H 

0.1 

C  and  K 

<0.001 

C'  and  F) 

0.03 

F)  and  L 

0.01 

C  and  G 

<0.001 

J  and  K 

<0.001 

E  and  G 

<0.001 

J  and  L 

<0.001 

1) and  F 

>0.1 

•  Calculated  according  to  Snedecor  (1950). 


the  two  samples  are  deriv’ed  from  the  same  population.  P  is  0.1  or  greater 
hi  three  of  the  comparisons  and  it  is  therefore  probable  that  the  two 
groups  compared  in  each  instance  are  similar.  In  all  the  other  compari¬ 
sons,  it  is  unlikely  (P  =  0.001  or  less  to  0.03)  that  as  great  a  difference 
in  mean  values  vvoidd  be  encountered  if  two  random  samples  from  the 
same  population  were  examined. 

Ether  anesthesia  was  used  in  gathering  blood  in  all  the  experiments 
of  Birnie  et  al.  and  Dicker  and  Ginsburg.  (As  will  be  pointed  out,  heart 
puncture  without  ether  anesthesia  is  not  an  adequate  control  of  the  effect 
of  the  anesthetic  as  was  believed  by  Birnie  et  al.)  Decapitation  is  pre¬ 
ceded  by  the  secretion  of  antidiuretic  principle  into  the  blood  if  the 
“operation”  is  performed  under  ether  anesthesia  (Table  1 :  0.2  to  0.5  m.u. 
per  ml.  serum  in  5  normal  rats  and  0.25  to  0.5  m.u.  per  ml.  serum  in  4 
adrenaleetomized  rats).  The  serum  of  blood  obtained  by  heart  puncture 
under  ether  anesthesia  in  the  remaining  animals  of  groups  E  and  F, 
as  would  be  expected,  always  contained  antidiuretic  hormone.  Also  with¬ 
out  exception,  the  serum  of  heart-puncture  blood  collected  without 
anesthesia  (Table  1,  groups  C  and  D)  always  contained  antidiuretic  hor¬ 
mone  (0.1  to  0.5  m.u.  per  ml.  serum).  Therefore,  the  belief  of  Birnie  et  al. 
(1950)  that  ether  anesthesia  does  not  affect  the  titer  of  serum  antidiuretic 
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liormone  is  not  valid.  Botli  Rydin  and  V'erney  (1938)  and  O’Connor  and 
Verney  (1942)  reported  that  painful  or  unpleasant  stimuli  appeared 
to  be  associated  with  the  secretion  of  antidiuretic  hormone  in  tlie  dog;. 
Recent  human  experiments  by  Kelsall  (1949)  led  to  a  similar  conclusion. 
It  is  our  belief  that  heart  puncture  or  ether  anesthesia  preceded  by  a 
sta^e  of  pain  or  excitement  can  lead  to  the  secretion  of  considerable 
(piantities  of  antidiuretic  hormone  because  of  central  excitation  of  the 
neurohypophysis.  The  hormone  cannot  be  detected  in  the  serum  of  normal 
rats  and  only  rarely  in  the  serum  of  untreated  adrenalectomized  rats 
if  there  has  been  no  preceding  pain  or  excitement. 

The  experiments  with  kangaroo  rats  (Table  2)  call  for  additional  com¬ 
ment.  High  concentrations  of  antidiuretic  hormone  were  detected  in  tlie 
serum  after  ether  anesthesia  or  heart  puncture  or  botli  (0.4  to  2.2")  m.u. 
per  ml.  serum  in  19  kangaroo  rats  and  0.15  m.u.  per  ml.  in  1).  It  seems 
safe  to  conclude  that  tliese  animals,  like  tlie  Long-Evans  rats,  secrete 
much  more  antidiuretic  hormone  under  these  conditions.  Tlie  amounts 
present  after  simple  decapitation  (none  in  8  and  0.05-0.2  m.u.  per  ml. 
serum  in  12)  may  either  represent  a  higher  basal  rate  of  secretion  of  tlie 
hormone  or  reflect  excitement  in  rodents  which  were  trapped  in  the  Ari¬ 
zona  desert  a  short  time  before.  In  terms  of  concentration  in  serum, 
kangaroo  rats  can  secrete  much  larger  quantities  of  antidiuretic  hormone 
than  laboratory  rats  of  the  Long-Evans  strain  (Tables  1,  2  and  3).  This 
finding  is  consistent  with  previous  work  (Ames  and  van  Dyke,  1950) 
in  which  it  was  reported  that  the  small  kangaroo  rat,  weighing  about  40 
gms.,  had  as  much  (or  more)  antidiuretic  hormone  in  its  posterior  lobe  as 
the  adult  Long-Evans  rat  and  in  about  three  times  the  concentration. 
Urine  of  kangaroo  rats  contained  more  antidiuretic  hormone  than  that  of 
any  mammal  so  far  investigated  (rat,  dog  and  man). 

Ethanol  probably  inhibits  or  suppresses  the  secretion  of  antidiuretic 
hormone  (see  references  in  van  Dyke  and  Ames,  1951).  It  is  highly  prob¬ 
able  that  the  rate  of  secretion  of  the  hormone  is  lower  if  etlianol  lias  been 
administered  before  heart  puncture  (groups  (1  and  II  compared  with 
Groups  C  and  D  Table  3). 

It  is  impossible  to  state  whether  adrenalectomy  facilitates  the  secretion 
of  antidiuretic  hormone.  Possibly  the  basal  rate  of  secretion  was  higher 
after  adrenalectomy  but  could  not  be  detected  by  the  method  of  assay 
which,  nevertheless,  is  much  more  sensitive  than  that  of  Birnie  et  al. 
The  difference  between  groups  C  and  D  (P  =  0.03)  like  the  difference 
between  the  normal  groups  C  and  E,  although  probably  real,  has  little 
meaning  owing  to  inability  to  standardize  the  excitation  of  the  neuro¬ 
hypophysis.  In  groups  E  and  F,  ether  anesthesia  was  used  before  heart 
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puncture  or  decapitation.  The  titer  of  antidiuretic  activity,  in  contrast 
with  groups  C  and  D,  appeared  to  l)e  lower  in  the  adrenalectomized 
group;  however,  the  difference  was  not  statistically  significant  (P=0.3). 

SUMMARY 

Antidiuretic  hormone  could  not  be  detected  in  the  serum  of  normal 
tranquil  rats  by  intravenous  assay  by  which  0.020  milli-unit  or  more 
can  be  estimated.  It  was  detected  in  the  serum  of  oidy  one  of  14  tranquil 
adrenalectomized  rats.  However,  secretion  of  antidiuretic  hormone 
occurred  in  either  normal  or  adrenalectomized  rats  after  heart  puncture 
or  ether  anesthesia  or  both;  a  difference  between  the  two  groups  was  not 
proved. 

Antidiuretic  hormone  was  never  detected  in  the  serum  of  hypophysecto- 
mized  rats  after  heart  puncture  or  ether  anesthesia. 

The  concentration  of  hormone,  when  present,  was  the  same  in  serum 
or  heparinized  plasma.  These  and  other  findings  suggest  that  neuro¬ 
hypophysial  hormone  is  present  and  that  antidiuretic  activity  is  not  an 
artifact  of  blood  coagulation. 

Central  excitation  of  the  neurohypophysis  by  heart  puncture  may  be 
reduced  by  the  administration  of  ethanol. 

The  highest  concentrations  of  antidiuretic  hormone  after  heart  puncture 
or  ether  ane.sthesia,  (0.75  to  1.25  m.u.  per  ml.)  were  found  in  the  serum 
of  kangaroo  rats  {Dipodomys  nierriarni). 
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THE  EFFECT  OF  ANDROGENS  ON  THE  SUCCINOXI- 
DASE  SYSTEM  OF  RAT  LIVER 
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From  the  Department  of  Pharmacology  and  Therapeutics,  Stanford  Uni¬ 
versity  School  of  Medicine,  San  Francisco 


INTRODUCTION 

Estrogen  inhibition  of  the  succinoxidase  system  of  rat  liver  and 
pituitary  tissues  was  shown  by  MeShan  &  Meyer  (1946).  The  point 
of  attack  was  apparently  the  cytochrome  oxidase  in  the  homogenate. 
Similar  results  were  obtained  in  a  study  of  the  malic  dehydrogenase  system 
by  Erway  et  al.  (1947).  Again  cytochrome  oxidase  was  apparently  blocked. 
Androgens  were  also  tested  for  possible  inhibitory  action  on  rat  liver 
succinoxidase  by  MeShan  et  al.  (1947).  No  effect  was  noted  with  con¬ 
centrations  of  steroid  up  to  3X10~^  M.  Sodium  androsterone  sulfate,  a 
water  soluble  steroid,  was  one  of  the  preparations  tested.  Gordon  and 
Elliott  (1947)  also  noted  inhibition  of  the  succinoxidase  system  in  rat 
brain  using  natural  and  synthetic  estrogens,  but  they  found  no  effect 
with  aqueous  suspensions  of  testosterone.  However,  iidiibition  by  tes¬ 
tosterone  of  aerobic  respiration  of  rat  brain  w'as  demonstrated  by  the 
latter  group  (1947)  and  of  liver  and  striated  muscle  by  Eisenberg  et  al. 
(1949). 

By  using  soluble  androgens  it  has  been  possible  to  demonstrate  inhi¬ 
bition  of  enzyme  systems  involving  a  portion  of  the  Krebs  cycle  in  rat 
liver. 

METHODS 

Adult  white  rats  of  the  Slonaker-Wistar  strain  were  used.  The  animals  were  killed 
by  decapitation.  Liver  tissue  was  removed,  weighed,  and  placed  in  cold,  distilled  water 
in  the  all  glass  homogenizer  described  by  Potter  and  Elvehjem  (1936).  Sufficient  water 
was  used  to  prepare  a  5%  homogenate. 

For  study  of  the  succinoxidase  system  0.2  ml.  of  homogenate  was  placed  in  Warburg 
vessels  containing  0.3  ml.  of  4X10“®  M.  CaCb,  0.3  ml.  of  4X10“®  M.  Aids,  0.4  ml.  of 
10“^  M.  solution  of  cytochrome  C.,  0.3  ml.  of  0.5  M.  sodium  succinate,  and  1.0  ml.  of 
0.1  M.  phosphate  buffer  (pH  7.4)  and  water  to  make  3.0  ml.  This  is  the  mixture  described 
in  Umbreit’s  text  (1949).  One  tenth  ml.  of  5%  KOH  was  placed  into  the  center  well  of 
each  flask. 

For  the  cytochrome  oxidase  study,  the  Warburg  reaction  vessel  contained  phosphate 
buffer,  AlCls,  KOH,  and  water  as  above.  The  substrate  was  0.3  ml.  of  0.114  M.  sodium 
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Table  1.  Succinate  QOj  values  for  rat  liver  in  the  presence  of 

SODIUM  ANDROSTERONE  SULFATE 


Homogenate  Sodium  androsterone  sulfate, 

in  ml.  Concentration  6nal  molarity 


QO, 


%  Inhibition 


(’ontrol 

0.1  —  08.5 

0.2  —  86.0 

.\verage  —  00.0 


0.2 

9X10® 

73 

19 

0.2 

1  .35X10-^ 

66 

27 

0.2 

1.8  X10-< 

65 

28 

0.2 

2.3  XIO 

60 

33 

0.2 

2.7  X10-< 

34 

62 

0.2 

3.2  X10-< 

7 

78 

0.2 

3.6  X10-< 

0 

100 

ascorbate,  and  1  ml.  of  2.4X10“^  M.  cytochrome  C  was  used  in  each  vessel.  The  CaCL 
and  sodium  succinate  were  omitted.  The  homogenate  was  diluted  to  1%  for  this  system. 
The  above  method  is  taken  from  Umbreit  (1949). 

In  both  systems  the  concentration  of  cytochrome  C  was  shown  to  be  adequate  by 
preliminary  experiments.  The  two  androgens  studied  were  sodium  androsterone  sulfate 
and  testosterone- 17  ^  diethyl  aminoethyl  carbonate  hydrochloride  in  concentrations  of 
1.7X10“®  M.  to  3.6X10“^  M.  Both  compounds  are  completely  water  soluble  in  the  con¬ 
centrations  used.  Calculations  of  QOj  values  were  based  on  O2  consumption  during  the 
first  3  or  4  ten  minute  intervals.  The  usual  time  interval  between  sacrifice  of  the  animal 
and  initial  manometer  readings  was  15  to  20  minutes. 


Table  2.  Succinate  QOj  values  for  rat  liver  in  the  presence  of 
“.SOLUBLE  testosterone” 

(testosterone- 170  DIETHYL  AMINOETHYL  CARBONATE  H YDR0<'HI.0RIDE) 


Homogenate 
in  ml. 

“Soluble  te.stosterone” 
concentration  6nal  molarity 

(JOj 

%  Inhibition 

('ontrol 

0.1 

— 

89 

— 

0.2 

— 

84 

— 

Average 

— 

87 

— 

0.2 

1 .7X10-‘ 

<>3 

29 

0.2 

2.3X10® 

32 

63 

0.2 

3.4X10® 

22 

75 

0.2 

4.3X10-® 

11 

86 

0.2 

5.1  X10-® 

5.4 

94 

0.2 

8.8X10-® 

0 

100 

RESULTS 

Inhibition  of  tlie  succinoxidase  system  of  rat  liver  was  effected  by 
both  hormones  as  shown  in  Tables  1  and  2.  No  difference  was  noted 
in  responses  of  male  and  female  rats.  By  comparing  the  tables  it  is  seen 
that  soluble  testosterone  is  several  times  more  powerful  than  the  an¬ 
drosterone  preparation  as  an  inhibitor.  Curves  of  inhibition  (Figs.  1  and  2) 
reflect  increasing  inhibition  with  increased  amount  of  inhibitor. 
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TIME  IN  MINUTES 

P’lG.  1.  Inhibition  of  succinoxida.se  system  l)y  sodium  androsterone  sulfate.  The 
concentration  is  expressed  in  final  molarity 


In  the  studie.s  on  cytochrome  oxidase,  using  ascorbate  as  the  substrate, 
concentrations  of  androsterone  which  inhibited  tlie  succinoxidase  system 
did  not  affect  ascorbate  QO2  values  (Table  3).  However,  higher  con¬ 
centrations  of  testosterone  than  were  used  to  inhibit  succinate  Q()2 
were  effective  inhibitors  of  ascorbate  reduction.  An  attempt  to  by-pa.ss 
the  cytochrome  oxida.se  in  the  succinoxidase  system  was  made  by  using 
methylene  blue  (6X10“^  M.)  as  demonstrated  by  Grieg  (1946).  No  re- 
ver.sal  of  inhibition  was  noted.  The  addition  of  cytochrome  C  and  .suc¬ 
cinate  from  the  side  arms  of  the  reaction  flasks  did  not  affect  the  inhibition. 

DISCUSSION 

Eisenberg  et  al.  (1949)  postulated  that  testosterone  acts  upon  the  dehy¬ 
drogenases  of  the  main  line  of  biological  oxidation.  They  based  this  idea 
on  the  following:  (1)  methylene  blue  did  not  reverse  the  depression  of 
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Fig.  2.  Inhibition  of  succinoxidase  system  by  testosterone- 17  /3  diethyl  amino- 
ethyl  carbonate  hydrochloride.  The  concentration  is  expressed  as  final  molarity. 


Table  3.  Ascorbate  QO2  values  for  rat  liver  in  presence  of 

WATER-SOLimLE  ANDROGENS 


a.  Sodium  .\ndro8terone  Sulfate 

b.  “Soluble  Testosterone”  (Testosterone-l?  5  diethyl  aminoethyl  carbonate  hydrochloride) 


Vessel 

oneent ration  of  inhibitor 
(final  molarity) 

(JO. 

%  Inhibition 

('ontrol 

— 

449 

— 

a.  Sodium  Androsterone  Sulfate 

1 

9X10-» 

433 

(  +  ) 

2 

9  X  10-‘ 

460 

Control 

— 

446 

— 

b.  “Soluble  Testosterone” 

1 

3.4X10' 

320 

28 

2 

6.8X10-' 

102 

77 
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aerobic  respiration  effected  by  testosterone;  (2)  substitution  of  pyruvate 
for  glucose  as  the  substrate  did  not  reduce  the  amount  of  inhibition; 
and  (3)  amounts  of  testosterone  which  inhibited  glucose  oxidation  did  not 
inhibit  the  oxidation  of  succinate. 

Our  experiments  point  also  to  an  inhibition  of  the  dehydrogenase  system, 
in  this  instance,  succinic  dehydrogenase.  It  appears  that  the  cytochrome 
oxidase  in  the  tissue  is  not  a  critical  factor  although  it  may  be  inhibited 
by  fairly  high  concentrations  of  hormone.  Methylene  blue,  which  is  a 
partial  substitute  for  this  enzyme,  does  not  reverse  the  succinoxidase 
inhibition,  which  suggests  that  the  succinic  dehydrogenase  is  affected. 
Although  the  testosterone  preparation  appears  to  be  effective  in  smaller 
concentrations  than  the  androsterone  the  results  are  not  directly  compa¬ 
rable  because  of  the  different  composition  of  the  side  chain  in  each  com¬ 
pound.  More  work  is  required  to  establish  the  exact  nature  of  the  inhibi¬ 
tion,  but  it  does  seem  probable  that  the  steroids  act  directly  on  the  en¬ 
zyme. 

SUMMARY 

Inhibition  of  the  succinoxidase  system  of  rat  liver  is  demonstrated  for 
sodium  androsterone  sulfate  and  a  soluble  testosterone  preparation  (tes¬ 
tosterone-17  /3  diethyl  aminoethyl  carbonate  hydrochloride).  The  testos¬ 
terone  preparation  is  the  more  powerful  inhibitor.  The  inhibition  probably 
involves  succinic  dehydrogenase.  It  may  involve  cytochrome  oxidase  also, 
but  the  latter  enzyme  appears  to  be  less  sensitive  to  the  compounds 
tested. 
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C()RTI(Y)STEROIDS  OF  PERIPHERAL  BLOOD' 

KENNETH  SAVARD,"  WILLEM  J.  KOLFF, 

AXD  ARTHl^R  C.  CORCORAN 

{From  the  Research  Division  of  the  Cleveland  Clinic  Foundation  and  the  Frank  E. 
Bunts  Educational  Institute,  Cleveland,  Ohio) 

The  presence  of  adrenal  steroids  in  peripheral  blood  has  been  estab¬ 
lished  by  bio-assay  (Vogt,  1943;  Pasehkis  et  al.,  1950)  and  by  chemical 
determination  (Hemphill  and  Reiss,  1947;  Corcoran  and  Page,  1948; 
Wick,  Hillyard  and  MacKay,  1951;  Nelson,  Samuels,  Willardson  and 
Tyler,  1951).  Adrenal  venous  blood  of  the  dog  contains  17-hydroxycorti- 
costerone  in  sufficient  concentrations  to  enable  isolation  and  identification 
(Reich,  Nelson,  ZafTaroni,  1950).  The  small  amounts  of  corticosteroid  in 
peripheral  l)lood  have  discouraged  attempts  at  characterization.®  How¬ 
ever,  extracorporeal  dialysis  by  the  artificial  kidney  (Kolff,  1947)  and  peri¬ 
toneal  lavage  (Grollman,  Turner  and  McLean,  1951)  techniques  have  en¬ 
abled  us  to  obtain,  in  a  partially  purified  state,  a  fraction  of  the  total 
corticosteroids  from  a  relatively  large  volume  of  peripheral  blood.  Paper 
chromatography  of  extracts  of  these  dialysates  has  permitted  partial 
characterization  of  certain  known  corticosteroids. 

EXPERIMENTAL 

As  part  of  another  study,  two  male  dogs  weighing  20  and  22  kg.  respec¬ 
tively  were  bilaterally  nephrectomized.  One  of  these  (No.  36-93)  was  main¬ 
tained  by  regular  dialy.sis  with  the  artificial  kidney;  one  such  treatment 
provided  nine  liters  of  rinsing  fluid.  The  second  dog  (No.  38-65)  was  treated 
by  peritoneal  lavage;  rinses  from  four  such  daily  treatments  totaled  21 
liters.  Each  batch  of  dialysate  was  immediately  treated  by  twice  stirring 
with  1  per  cent  by  weight  of  activated  charcoal  (Darco  (1-60).  The  char¬ 
coal  was  collected  by  centrifugation,  washed  with  1  per  cent  saline  solution 
and  stored  in  the  cold. 


Received  for  i)ul)lication  December  1,  1951. 

‘  This  investigation  was  supj)orted  (in  part)  by  a  research  grant  from  the  National 
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*  Present  achlress:  The  Worcester  Foundation  for  Experimental  Biology,  Shrewsbury, 
Massachusetts. 

*  After  completion  of  this  manuscript  the  study  by  Nelson  and  coworkers  (1951)  on 
the  corticosteroid  levels  of  human  blood  appeared.  By  means  of  i)aper  chromatography 
17-hydroxycorticosterone  w^s  identified  as  the  major  component  of  the  free  steroids. 
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Adsorbates  were  eluted  by  stirring  at  room  temperature  with  five  500  ml. 
volumes  each  of  acetone,  benzene  and  methylene  chloride  in  succession. 
Each  extract  was  concentrated  under  reduced  pressure,  combined  with 
others  from  the  same  solvent  and  evaporated  to  dryness;  the  residues  were 
extracted  with  hot  methylene  chloride.  The  total  methylene  chloride  solu¬ 
ble  materials  from  the  two  adsorbates  weigiied  827  mg.  and  800  mg. re¬ 
spectively.  These  lots  were  combined  as  the  non-conjugated  steroid  fraction. 

The  two  ad.sorbates  were  further  extracted  separately  with  three  500  m.l. 
volumes  of  00  per  cent  aqueous  pyridine  (Cook  and  Grant,  1047;  Grant 
and  Beall,  1050).  Evaporation  of  the  solvent  under  reduced  pressure  and 
removal  of  last  traces  of  pyridine  in  an  evacuated  desiccator  over  sulfuric 
acid  yielded  a  gummy,  water-soluble  residue. 

The  residue  thus  obtained  from  dog  80-08  was  dissolved  in  125  ml.  of 
water  and  allowed  to  hydrolyze  at  pH  1.0  for  10  hours  in  the  cold.  The 
aqueous  solution  was  shaken  with  methylene  chloride  and  the  extract 
evaporated  to  dryness;  the  residue  w'eighed  128  mg.  After  removal  of  acidic 
and  phenolic  components  by  extraction  with  5  per  cent  sodium  l)icarbonate 
and  0.5  n.  sodium  hydroxide,  the  neutral  fraction  weighed  75  mg.;  color¬ 
imetric  determination  of  reducing  steroids  (Heard  and  Sobel,  1940)  indi¬ 
cated  a  content  of  0.0  mg.  calculated  as  desoxycorticosterone.  No  further 
analy.sis  of  this  fraction  was  made. 

The  product  obtained  from  pyridine  elution  of  the  second  adsorbate 
(dog  88-05)  w'as  dissolved  in  400  ml.  of  water  and  adjusted  to  pH  0.5. 
Extraction  with  benzene  and  methylene  chloride  yielded  fractions  contain¬ 
ing  a  total  of  570  mg.  of  material.  This  was  presumed  to  contain  additional 
non-conjugated  .steroids  and  was  combined  with  the  free  steroid  fraction 
de.scribed  above.  The  aqueous  fraction  (400  ml.)  was  adjusted  to  pH  1.0 
and  shaken  five  times  with  80  ml.  of  n-butanol  to  separate  the  conjugated 
.steroids  (Cohen  and  Marrian,  1980).  Evaporation  of  the  butanol  extract 
under  reduced  pressure  gave  a  gummy  residue  which  di.s.solved  in  water 
with  the  aid  of  a  small  volume  of  dilute  alkali.  The  solution  was  diluted  to 
1.5 1.,  adjusted  to  pH  4.5  and  100  ml.  of  1.0  M.  acetate  buffer  pH  4.5  added; 
2.5  g.  of  calf  spleen  /3-glucuronidase^  (25,000  units  per  g.)  was  stirred  in  and 
the  mixture  incubated  at  87°  C.  for  72  hours  in  tlie  presence  of  chloroform. 
The  aqueous  .solution  was  then  extracted  five  times  with  150  ml.  portions 
of  methylene  chloride.  The  extracts  w'ere  pooled  and  washed  once  with 
water,  dried  and  evaporated.  The  extractable  material  relea.sed  by  glu- 
curonida.se  incubation  weighed  244  mg. 

Non-conjugated  Steroid  Fraction:  The  combined  free  steroid  fractions  from 
both  adsorbates,  totalling  1802  mg.  of  methylene  chloride-soluble  material, 

*  Crude  calf  spleen  jS-glucuronidase  preparations  were  obtained  from  the  Viohin 
Corporation. 
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were  dissolved  in  500  ml.  of  methylene  chloride  and  successively  extracted 
in  the  cold  with  five  50  ml.  volumes  each  of  5  per  cent  sodium  bicarbonate 
and  0.5  n  sodium  hydroxitle.  After  back  extraction  with  50  ml.  of  methyl¬ 
ene  chloride,  the  alkaline  washes  were  acidified  to  pH  1.0  and  re-extracted 
with  methylene  chloride  to  obtain  acidic  and  phenolic  fractions  which 
weighed  195  and  293  mg.  respectively. 

The  alkali-washed  methylene  chloride  solution  was  shaken  at  once  with 
50  ml.  of  0.5  N  hydrochloric  acid  and  w’ater.  A  neutral  fraction  weighing 
342  mg.  was  obtained  after  evaporation.  Colorimetric  determinations  in¬ 
dicated  contents  of  40.4  mg.  of  reducing  steroid  and  2.2  mg.  of  total  17- 
ketosteroid.  An  a-ketol  reducing  steroid  estimation  of  10-12  mg.  was  made 
by  evaporating  aliquots  of  the  sample  on  filter  paper,  exposing  the  strips 
to  ammoniacal  silver  reagent  (Zafifaroni,  Burton  and  Keutman,  1950)  and 
matching  the  intensities  of  the  reduced  silver  areas  with  those  obtained 
with  known  amounts  of  desoxycorticosterone. 

The  neutral  fraction  (316  mg.)  was  dissolved  in  300  ml.  of  hexane  and 
extracted  six  times  with  50  ml.  portions  of  30  per  cent  methanol.  The  com¬ 
bined  methanol  extracts  were  extracted  three  times  with  30  ml.  portions 
of  hexane;  the  combined  hexane  extracts  were  once  more  extracted  with 
30  ml.  of  30  per  cent  methanol.  The  combined  hexane  solutions  yielded 
255  mg.  of  residue,  of  which  10.6  mg.  w'ere  reducing  material  by  the 
Heard-Sobel  test.  Chromatography  with  benzene-formamide  showed  no 
trace  of  a-ketol  steroid  in  this  fraction,  although  there  was  present  consid¬ 
erable  amounts  of  a  reducing  substance,  which  appeared  as  a  fast-moving 
component  on  chromatogram  strips  exposed  to  osmium  tetroxide  vapors.^ 

The  30  per  cent  methanol  solutions  yielded  39.1  mg.  of  residue.  A  solu¬ 
tion  of  this  residue  in  1.0  ml.  of  methanol,  containing  approximately  1.2 
mg.  of  a-ketol  steroid  by  the  ammoniacal  silver  test,  was  subsequently  used 
in  such  chromatographic  characterizations  as  the  small  amounts  of  cortico¬ 
steroid  permitted.  Filter  paper  chromatography  in  benzene-formamide  was 
done  by  the  method  of  Zaffaroni,  Burton  and  Keutman  (1950)  and  co¬ 
workers  (Zaffaroni,  Burton  and  Keutman  1950;  Burton,  Zaffaroni  and 
Keutman  1951)  on  0.1  ml.  samples  of  the  methanolic  solution.  Results 
are  shown  in  figure  1.  Exposure  of  the  paper  strip  to  ammoniacal  silver 
reagent  (strip  1)  revealed  tw'o  reducing  (a-ketol)  steroids  (I  and  II)  in 
the  C21O5  zone  and  two  (III  and  IV)  in  the  C21O4  zone.  A  duplicate  (strip 
2)  exposed  to  osmic  acid  vapor  darkened  only  in  the  area  corresponding 

‘  The  1  per  cent  aqueous  osmic  acid  reagent  described  by  Manaro  and  Zj'gmuntowicz 
(1951)  proved  to  be  an  equally  good  and  much  more  sensitive  (minimum  amount  of 
steroid  20  /xg.)  reagent  for  a,/3-unsaturated  ketosteroids  than  aqueous  2,4-dinitro- 
phenylhydrazine  (minimum. 100  mg.). 
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CHROMATOGRAMS  OF  FREE  CORTICOSTEROID  FRACTION 


1  2  3  4  5  ADDED 


Atnm  Ag  0$  O4  Ag  Ag  Ag 

BENZENE -FORMAMIOE  31  Hrs. 


Fig.  1.  Diagrams  of  chromatographic  separation  of  free  corticosteroid  fraction  (3.9 
mg.  per  strip).  Comp.  A  =  ll-dehydrocorticosterone;  Comp.  B  =  corticosterone;  Subst. 
S  =  17-hydroxy-l  1-desoxycorticosterone;  Comp.  E  =  17-hydroxy-l  1-dehydrocorticoster- 
one;  Comp.  F  =  17-hydroxycorticosterone. 

to  reducing  steroid  I,  indicating  the  presence  of  an  a,j8-unsaturated  ketone. 
Corticosteroids  I  and  II  did  not  react  with  iodine-potassium  iodide  re¬ 
agent  to  give  the  blue  color  characteristic  of  17-hydroxy-ll-dehydrocortico- 
sterone.  A  strip  (not  shown)  treated  with  sulfuric  acid  showed  in  ultra¬ 
violet  light  the  characteristic  green  fluorescence  of  the  11-hydroxyl  group 
at  the  level  of  steroid  I.  Replicate  strips  were  chromatographed  after  addi¬ 
tion  of  solutions  of  pure  corticosteroids;  17-hydroxy-l  1-desoxycortico¬ 
sterone  was  added  to  strip  3;  17-hydroxy- 11 -dehydrocorticosterone  and 
ll-dehydrocorticosterone  to  strip  4;  17-hydroxycorticosterone  and  cortico¬ 
sterone  to  strip  5.  The  coincidence  of  17-hydroxycorticosterone  with 
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CHROMATOGRAMS  OF 

CONJUGATED  CORTICOSTEROID  FRACTIONS 


—I - '  ' - 1 - 

48  Hrs  72  Hr*. 


BENZENE  -  FORMAMIDE 

Fig.  2.  Diagrams  of  chromatographic  separation  of  conjugated  corticosteroid  frac¬ 
tion  (3.04  mg.  per  strip).  Comp.  A  =  ll-dehydrocorticosterone;  Comp.  B  =  corticosterone; 
Subst.  S  =  17-hydroxy-ll-desox}’corticosterone;  Comp.  E  =  17-hydroxy-ll-dehydro- 
cortico.sterone ;  Comp.  F  =  17-hydroxj’corticosterone.  Strip  4  shows  an  anomalous  sepa¬ 
ration  of  Comp.  B  and  Subst.  S  in  benzene-formamide. 

steroid  I  (strip  5),  together  with  the  evidence  for  the  a,|8-im.satiirated  ke¬ 
tone  and  11-hydroxy  functions  provides  identification  of  steroid  I  as  17- 
hydroxy  cort  icosterone . 

The  faint  reduction  found  in  strip  I  at  the  level  of  steroid  II  was  intensi¬ 
fied  by  addition  of  17-hydroxy- 11 -dehydrocorticosterone  (strip  4).  How¬ 
ever  steroid  II  showed  no  a,/3-unsaturated  ketone  function  by  the  osmic 
acid  reaction  and  did  not  give  a  positive  reaction  with  iodine-potassium 
iodide  reagent,  thereby  establishing  the  absence  of  the  11-keto  compound 
from  the  extract.  Steroids  III  and  IV,  possessing  the  a-ketol  function  and 
lacking  the  a-/3-unsaturated  ketone  structure  were  not  further  character¬ 
ized.  The  chromatographic  mobility  of  these  compounds  with  respect  to 
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the  C21O4  group  would  suggest  a  possible  structure  having  a  partially  or 
totally  saturated  ring  A,  similar  to  the  “tetrahydro  E  and  F”  type  of 
a-ketol  steroids  recently  found  in  urine  (Schneider  1950,  Kinsella  et  al., 
1951,  Lieberman  et  al.,  1951). 

Conjugated  steroid  fraction :  The  material  released  by  d-ghicuronidase  was 
dissolved  in  250  ml.  of  methylene  chloride.  Tlie  solution  was  washed  with 
five  50  ml.  portions  of  0.5  n  sodium  hydroxide  in  tlie  cold;  the  combined 
alkaline  extracts  were  extracted  twice  with  25  ml.  of  metliylene  chloride. 
The  combined  methylene  chloride  solutions  were  washed  once  with  25  ml. 
portions  of  0.5  n  hydrochloric  acid  and  water,  dried,  and  evaporated  to 
dryness.  The  residue  weighed  118  mg.  and  was  partitioned  between  hexane 
and  30  per  cent  aqueous  methanol.  The  hexane-soluble  fraction  weighed 
88  mg.  The  aqueous  methanol  after  evaporation  and  extraction  with 
methylene  chloride  yielded  30.4  mg.  This  residue  was  dissolved  in  1.0  ml. 
of  methanol  and  the  corticosteroid  concentration  estimated  as  0.3  to  0.5 
mg.  by  the  ammoniacal  silver  spot  test. 

Paper  chromatographic  separations  were  made  in  benzene-formamide 
solvent  (figure  2)  using  0.1  ml.  of  the  methanol  solution  for  each  filter 
paper  strip.  Vi.sualization  of  the  steroids  on  the  strip  with  ammoniacal 
silver  (strip  1)  revealed  four  distinct  areas.  The  relative  concentrations  of 
each  per  0.1  ml.  of  solution  were  approximately  5  /ig.  of  the  single  C2i()4 
steroid  (IV),  and  approximately  2  jug.  of  (III),  20  jug.  of  (II),  and  15  mK-  of 
(I)  for  the  three  C21O5  steroids,  steroid  III  failed  to  react  with  the  osmic 
acid  reagent  (strip  2). 

The  C21O4  steroid  (IV)  w^as  characterized  by  means  of  mixed  chromato¬ 
grams  wdth  added  crystalline  corticosterone  and  1 1 -dehydrocorticosterone 
(strip  3)  and  17-hydroxy-ll-desoxycorticosterone  (strip  4)  in  which  steroid 
IV  migrated  at  a  rate  similar  to  that  of  corticosterone  ami  different  from 
that  of  the  other  two.  Sulfuric  acid  added  to  the  region  of  steroid  IV  pro¬ 
duced  the  typical  green  fluorescence  in  ultaviolet  light.  Of  the  three  C21O5 
steroids  (I,  II,  III),  only  steroid  II  was  characterized  l)y  means  of  mixed 
chromatograms.  Crystalline  17-hydroxycorticcsterone  added  to  tlie  ex¬ 
tract  (strip  7)  moved  to  a  position  coincident  witli  C21O5  steroid  II,  while 
added  17-hydroxy-l  1 -dehydrocorticosterone  migrated  more  rapidly  (strip 
6)  than  steroid  II.  The  sulfuric  acid-fluorescence  test  was  positive  at  the 
site  of  steroid  II,  thereby  confirming  its  identity  as  17-hydroxycortico- 
sterone. 

Although  similar  in  mobility  to  steroid  III,  17-hydroxy-l  1 -dehydrocor¬ 
ticosterone  (strip  6)  appeared  to  be  absent  from  the  corticosteroid  extract 
by  the  failure  of  the  iodine-potassium  iodide  reagent  to  produce  the  blue 
coloration  typical  of  the  latter  steroid.  Steroid  III  was  therefore  character- 


if 
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ized  only  as  a  C21O6  steroid  possessing  an  a-ketol  grouping  and  lacking  the 
a,/3-unsaturated  ketone  structure.  Steroid  I,  possessing  both  these  features 
was  not  further  characterized. 


DISCUSSION 

Complete  chemical  characterization  of  the  corticosteroids  found  in  the 
blood  dialy.sates  was  not  feasible  in  view  of  the  very  small  amounts  (1.2  mg. 
of  no n-conj ligated  and  0.4  mg.  of  conjugated  material)  available  for  this 
study.  However,  relative  chromatographic  mobilities,  chemical  tests  and 
comparisons  of  mixed  chromatograms  with  added  crystalline  steroids  in¬ 
dicate  that  the  principal  corticosteroid  in  both  conjugated  and  free  frac¬ 
tions  was  17-hydroxycorticosterone.  It  was  also  possible  to  recognize 
corticosterone  in  low  concentration  as  a  component  of  the  conjugated  ster¬ 
oid  fraction.  The  presence  of  these  two  steroids  and  the  absence  of  11- 
dehydrocorticosterone  and  17-hydroxy-ll-dehydrocorticosterone  agree 
with  studies  (Reich,  Nelson  and  Zaffaroni,  1950)  of  the  corticosteroids  of 
dog  adrenal  venous  blood.®  Also  present  in  peripheral  blood  are  steroids 
apparently  possessing  the  a-ketol  side  chain  but  lacking  the  a,i3-unsatu- 
rated  ketone  grouping.  Their  properties  resemble  those  of  the  so-called 
“tetrahydro  E  and  tetrahydro  F”  compounds  recently  found  in  urine 
(Schneider,  1950;  Lieberman  et  aL,  1951),  but  would  appear  to  be  of  a 
low'er  degree  of  oxygenation,  possibly  of  the  C21O4  group.  The  data  do  not 
give  any  quantitative  evaluation  of  the  corticosteroid  concentrations  of 
periphereal  blood  since  neither  the  volume  of  blood  exposed  to  dialysis 
nor  the  completeness  of  dialysis  can  be  evaluated.  The  fact  that  the  blood 
contains  corticosteroids  conjugated  with  glucuronic  acid  in  addition  to 
those  directly  extractable  by  lipid  solvents  is  in  keeping  with  the  current 
notion  that  most,  if  not  all  urinary  corticosteroids  are  excreted  as  glucuron- 
ides  (Lieberman  and  Dobriner,  1951).  It  also  agrees  with  studies  on  blood 
estrogen,  up  to  one-half  of  which  in  serum  occurs  in  the  conjugated  state 
(Rakoff  et  aL,  1934;  Szego  and  Roberts,  1946).  Certain  corticosteroids 
(Ijewis  and  Savard,  unpublished  data)  like  the  estrogens  (Roberts  and 
Szego,  1946),  have  been  found  to  be  associated  with  the  /3-lipoprotein 
fraction  of  serum.  The  possibility  of  the  conjugated  corticosteroids  being 
“protein-bound”  is  recognized  but  as  yet  undetermined.  Tacit  recognition 
of  the  obscurity  of  these  chemical  associations  is  the  bio-assay  procedure 
(Paschkis  et  aL,  1950)  which  foregoes  chemical  extraction  of  corticosteroid 
and  utilizes  diluted  but  otherwise  intact  serum. 


*  The  occurrence  of  corticosterone  and  17-hydroxycorticosterone  in  dog’s  adrenal 
venous  blood  has  been  verified  in  these  laboratories  (Savard  and  Masson,  Unpublished 
data),  a  ratio  of  1 :2  between  the  two  corticosteroids,  however,  being  observed. 
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SUMMARY 

Dialysates  obtained  from  dogs  by  the  use  of  the  artificial  kidney  and 
peritoneal  lavage  were  examined  for  the  presence  of  adrenal  corticosteroids. 
These  were  found  to  be  present  in  a  free,  lipide-soluble  state  and  in  a  water- 
soluble,  lipide-insoluble  state.  The  corticosteroids  present  in  tlie  latter  form 
were  rendered  lipide-soluble  by  incubation  with  jS-glucuronidase  and  may 
be  presumed  to  have  existed  as  glucuronides.  The  principal  corticosteroid 
of  both  fractions,  identified  by  paper  chromatography,  was  found  to  l)e  17- 
liydroxycorticosterone;  corticosterone  was  detected  only  in  the  conjugated 
fraction.  Several  other  steroids  which  possessed  reducing  groups  but  lacked 
the  a,/3-unsaturated  ketone  grouping  were  detected  but  not  identified. 
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NOTES  AND  (XEMMENTS 

THE  ABSOUl’TIOX  OF  THYROXINE  FROM  THE  GASTROINTESTINAL 
TRACT  OF  THE  RAT 

In  ji  previous  study  (Johnson  and  Albert,  1951)  a  considerable  accumulation  of  I*’* 
was  observed  in  the  gastrointestinal  tract  of  the  rat  after  subcutaneous  administration 
of  either  inorsanic  radioiodide  or  radiothvroxine.  During  the  first  six  hours  following 
injection  of  Nal'”,  the  stomach  contained  twice  as  much  radioactivity  per  gram  wet 
weight  as  did  the  thyroid.  Similarly,  after  administration  of  radiothyroxine,  consider¬ 
able  I'”  was  i)resent  in  the  stomach,  and  in  the  small  bowel.  As  the  concentration  in  the 
small  bowel  decreased  during  the  first  six  hours,  the  radioactivity  in  the  large  bowel  rose. 
These  findings,  plus  the  added  information  that  rafliothyroxine  was  also  concentrated 
in  the  liver  (Gro.ss  and  Leblond,  1947;  John.son  and  Albert,  1951),  suggest  that  the  gas¬ 
trointestinal  tract  may  play  a  significant  role  in  the  metabolism  of  thyroid  hormone. 

The  content  of  ra<liothyroxine  or  of  its  metabolites  in  anj’  portion  of  the  gastro¬ 
intestinal  tract  at  an}’  interval  after  subcutaneous  injection  may  depend  on  a  number  of 
factors:  secretion  into  the  bowel,  absori)tion  from  the  bowel,  transport  of  material  from 
one  to  another  portion  of  the  bowel,  delivery  to  the  bowel  by  way  of  the  biliary  system. 
It  seemed  desirable  to  stu<ly  each  of  these  factors  separately.  Accordingly  the  present 
experiments  wei  e  performed  to  determine  the  absorption  of  thyroxine  from,  and  secretion 
into,  the  three  major  j)ortion.s  of  the  gastrointestinal  tract.  As  a  control  study,  the  be¬ 
havior  of  inorganic  radioiodide  was  simultaneously  observed. 

M.\TKRIAL  .\ND  MKTHODS 

Male  rats  of  the  Wistar  strain,  ranging  from  .50  to  100  gni.  in  weight,  were  used.  With  the 
rats  under  ether  anesthesia  the  stomachs  of  13  animals  were  ligated  at  both  pyloric  and 
esophageal  i)oles.  In  7  animals,  radioiodide  was  injected  into  the  lumen  of  the  stomach, 
thus  isolated  from  the  remainder  of  the  bowel.  In  the  remaining  (i  animals,  radiothyroxine 
was  similarly  injected.  The  dose  of  radioiodide  was  5  microcuries  containing  5  micrograms 
stable  Nal;  that  of  radioactive  1-thyroxine  was  5  microcuries  with  a  speeific  activity  varying 
from  1  to  17  millicuries  per  milligram  (.\bbott  Laboratories,  North  ('hicago,  Illinois).  Some 
of  the  rats  were  killed  at  two  hours,  and  some  at  five  hours  after  injection.  One  cubic  centi¬ 
meter  of  blood  was  withdrawn,  and  the  stomach,  small  bowel,  large  bowel,  and  liver  were 
removed.  The  amount  of  radioactivity  in  each  of  these  organs  was  determined  (Johnson 
and  .\lbert,  1951),  and  expressed  as  percentage  of  the  dose  injected.  Similarly,  in  12  animals, 
the  small  bowel  was  isolated  by  placing  ligatures  at  the  pyloric  end  and  at  its  junction  with 
the  large  bowel.  In  (i  of  the  rats  radioactive  thyroxine  and  in  fi  others  radioiodide  was  in¬ 
jected  into  the  lumen  of  the  small  bowel  and  the  analytic  procedures  described  were  re- 
l)eated.  Finally  in  12  animals  the  large  bowel  was  isolated  by  ligatures  near  the  anus  and 
at  its  junction  with  the  small  bowel.  The  two  radioactive  substam-es  were  injected  into  the 
lumen  of  the  isolated  large  bowel  and  the  same  procedures  were  carried  out. 

RE.su  LTS 

Table  1  shows  that  very  little  inorganic  iodide  was  absorbed  from  the  stomach. 
However,  the  major  portion  of  Nal'^^  placed  in  either  the  small  or  the  large  bowel  was 
absorbed  and  resecreted  into  the  stomach.  This  is  confirmatory  of  our  previous  studies 
which  showed  that  the  stomach  comprised  a  considerable  portion  of  the  total  iodide 
si)ace.  Under  normal  physiologic  conditions,  the  iodide  secreted  into  the  stomach  from 
the  blood  is  probably  pa.ssed  along  into  the  small  bowel,  from  which  it  is  reabsorbed  into 
the  blood. 
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Table  1.  P”  in  various  organs  after  injection  of  radioiodide  and  radiotmyroxine 

INTO  THREE  MAJOR  SITES  OF  THE  GASTROINTESTINAL  TRACT 


Percent 

age  of  dost 

administered  (mean 

value.s) 

site  of  injection 

Animal.s 

hr. 

Stomach 

Small 

bowel 

Large 

bowel 

Liver 

Blood 

Hadioiodide 

Stomach 

5 

2 

90.22 

0.23 

0.09 

0.10 

0.10 

2 

5 

91  .,54 

0.70 

0.47 

0.29 

0.00 

Small  bowel 

4 

2 

03.30 

4.07 

0.97 

0.92 

0.70 

2 

5 

7  <  .03 

1 .88 

0.24 

0.27 

0.13 

Large  bowel 

4 

2 

32.07 

7.34 

3.08 

2.10 

1.30 

2 

5 

29.15 

4.08 

2.39 

2.10 

0.90 

Radiothvroxine 

Stomach 

4 

2 

92.78 

0..32 

0.02 

0.20 

0.00 

2 

5 

95.27 

0 . 50 

0.01 

0.18 

0.01 

Small  bowel 

4 

2 

4.19 

81.12 

0.28 

1  .05 

0.20 

2 

5 

8.23 

78.57 

0.43 

3.51 

0.38 

Large  bowel 

4 

2 

2.03 

3.47 

7  0 .  .53 

1  .09 

0.20 

2 

0.95 

0.10 

70.58 

1  .39 

0.35 

Similarly,  little  thyroxine  was  absorbed  from  the  stomach,  as  indicated  by  the  negli- 
f;ible  concentration  of  I'”  in  the  blood.  However,  20  to  25  per  cent  of  the  radioactive 
thyroxine  placed  in  either  the  small  or  the  large  bowel  was  removed.  Part  of  the  radio¬ 
active  material  absorbed  from  the  isolated  small  or  large  bowel  was  resecreted  into  the 
stomach. 

DISCUSSION 

Large  quantities  of  inorganic  iodide  are  secreted  into  the  stomach  and  reabsorbed  by 
the  small  and  the  large  bowel.  This  enteric  circulation  of  iodide  involves  a  significant 
portion  of  the  total  iodide  of  the  body,  but  is  obviously  in  equilibrium  with,  and  depend¬ 
ent  on,  the  systemic  circulation  of  iodide.  The  absorption  of  thyroxine  from  the  intestinal 
tract  is  much  less  efficient,  and  in  view  of  the  high  fecal  excretion  noted  by  .Johnson  and 
Albert,  the  enteric  circulation  of  thyroxine  is  not  in  similar  equilibrium  with  that  of  the 
blood.  Hence,  a  significant  amount  of  thjToxine  may  be  lost  to  the  bodv  under  normal 
conditions  via  the  feces. 

What  proportion  of  the  radioactivity  found  in  the  bowel  after  sulicutaneous  injection 
of  radiothyroxine  reaches  the  gut  by  direct  secretion  from  blood,  or  by  secretion  through 
the  biliary  system  remains  to  be  determined.  In  any  case,  the  enteric  or  possil)ly  en- 
terohepatic  circulation  of  thyroid  hormone  ajipears  to  be  of  considerable  significance 
in  normal  physiologic  conditions,  since  the  results  reported  by  .Johnson  and  Albert  with 
labeled  1 -thyroxine  should  apply  with  equal  force  to  endogenously  produced  thyroxine. 
Also  of  importance  is  that  the  existence  of  an  enterohepatic  circulation  of  thyroxine 
presents  opportunity  for  chemical  transformation  of  thyroid  hormone,  such  as  was  re¬ 
ported  by  Taurog,  Briggs  and  Chaikoff  (1951),  changes  which  may  be  of  physiologic 
significance  in  the  intermediary  metabolism  of  thyroidal  substances. 

SUMMARY 

Insignificant  amounts  of  inorganic  iodide  or  th}'roxine  were  absorbed  from  the  iso- 
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lated  stomach  within  five  hours  after  intragastric  injection.  Virtually  all  of  the  iodide, 
and  20  to  25  per  cent  of  the  thyroxine,  were  absorbed  from  the  isolated  small  or  large 
bowel  w’ithin  five  hours  after  injection  into  the  lumen  of  these  organs. 
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